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$EVWUDFW 
฀F฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀a฀ ฀k฀i฀n฀d฀ ฀o฀f฀ ฀n฀o฀n฀-฀s฀t฀e฀r฀o฀i฀d฀a฀l฀ ฀a฀n฀t฀i฀-฀i฀n฀f฀l฀a฀m฀ma t o r y  
฀d฀r฀u฀g฀ ฀w฀h฀i฀c฀h฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀w฀i฀d฀e฀l฀y฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀c฀l฀i฀n฀i฀c฀ ฀f฀o฀r฀ ฀t฀r฀e฀a฀t฀m e n t  o f  
฀r฀h฀e฀u฀m฀a฀t฀o฀i฀d฀ ฀a฀r฀t฀h฀r฀i฀t฀i฀s฀ ฀a฀n฀d฀ ฀o฀s฀t฀e฀o฀a฀r฀t฀h฀r฀i฀t฀i฀s฀.฀ ฀I฀t฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ 
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀s฀h฀o฀w฀s฀ ฀g฀o฀o฀d฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀n฀ 
฀c฀l฀i฀n฀i฀c฀ ฀a฀n฀t฀i฀-฀i฀n฀f฀l฀a฀m฀m฀a฀t฀o฀r฀y฀ ฀t฀r฀e฀a฀t฀m฀e฀n฀t฀,฀ ฀w฀h฀i฀l฀e฀ ฀R฀-฀e฀n฀a฀n฀t฀i฀o฀m฀er฀ 
฀a฀l฀m฀o฀s฀t฀ ฀h฀a฀s฀ ฀n฀o฀ ฀p฀h฀a฀r฀m฀a฀c฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀c฀t฀i฀v฀i฀t฀i฀e฀s฀.฀ ฀I฀t฀ ฀h฀a฀s฀ ฀i฀m฀p฀o฀rt฀a฀n฀t฀ 
฀p฀r฀a฀c฀t฀i฀c฀a฀l฀ ฀v฀a฀l฀u฀e฀s฀ ฀t฀o฀ ฀o฀b฀t฀a฀i฀n฀ ฀o฀p฀t฀i฀c฀a฀l฀l฀y฀ ฀p฀u฀r฀e฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r o฀f e n฀.  I n  
฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀,฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀w฀h฀i฀c฀h฀ ฀h฀a฀v฀e ฀g฀o d  s t r u฀c฀t u฀r a l  
฀d฀e฀s฀i฀g฀n฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀c฀h฀i฀r฀a฀l฀ ฀r฀e฀c฀o฀g฀n฀i฀z฀e฀ ฀a฀b฀i฀l฀i฀t฀y฀ ฀w฀e฀r฀e฀ ฀s฀e฀le c t e฀d฀ ฀a฀s฀ 
฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀b฀y฀ ฀t฀h฀e฀ ฀a฀s฀s฀i฀s฀t฀a฀n฀c฀e฀ ฀o฀f฀ ฀q฀u฀a฀n฀t฀um฀ 
฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀.฀ ฀T฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀s฀ ฀o฀f฀ 
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀w฀e฀r฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀ 
฀a฀n฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀.฀ ฀T฀h฀e฀ 
฀r฀e฀s฀u฀l฀t฀s฀ ฀s฀h฀o฀w฀ ฀t฀h฀a฀t฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀u฀p฀ ฀t฀o฀ ฀1฀.฀2฀0  
฀w฀a฀s฀ ฀a฀t฀t฀a฀i฀n฀e฀d฀ ฀a฀t฀ ฀p฀H฀ ฀2฀.฀0฀,฀ ฀2฀5฀ ഒ  u฀s i n฀g฀ 1 , 2 - d฀i c h l฀o฀r฀o฀e฀t฀h฀a฀n฀e฀ 
฀a฀s฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀,฀ ฀1฀-฀b฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀e฀ ฀L฀-
฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀ ฀(฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀)฀ ฀a฀s฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀.฀ ฀T฀h฀e฀ ฀r฀a฀c฀e฀m i c  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀w฀a฀s฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1 a n d  
฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀w฀a฀s฀ ฀0฀.฀0฀2฀ ฀m฀o฀lā฀L฀-฀1฀.฀ 
฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀ ฀t฀h฀e฀ ฀r฀e฀c฀y฀c฀l฀e฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ 
฀a฀c฀h฀i฀e฀v฀e฀d฀ ฀b฀y฀ ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ 
฀p฀h฀a฀s฀e฀ ฀w฀i฀t฀h฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀f฀o฀r฀ 
฀i฀n฀d฀u฀s฀t฀r฀i฀a฀l฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀n฀d฀ ฀s฀c฀a฀l฀e -฀u p  o f  
฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀.
 
.H\ZRUG฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀;฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀;฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c t i฀o฀n฀;฀ ฀a฀m n o  a c฀i฀d฀ i o n฀i฀c฀ ฀l i q u฀i d ;  ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n 
 
1. ,QWURGXFWLRQ 
 
฀F฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀n฀a฀m฀e฀l฀y฀ ฀(฀±฀)฀-฀2฀-( 2-฀f฀l฀u฀o฀r฀o - 4฀- b฀i฀p฀h฀e฀n฀y฀l฀)฀-฀p฀r฀o฀p฀i฀o฀n฀i฀c฀ ฀a฀c฀i฀d฀,฀ ฀i฀s฀ 
฀a฀ ฀c฀o฀m฀m฀o฀n฀l฀y฀ ฀u฀s฀e฀d฀ ฀n฀o฀n฀-฀s฀t฀e฀r฀o฀i฀d฀a฀l฀ ฀a฀n฀t฀i฀-฀i฀n฀f฀l฀a฀m฀m฀a฀t฀o฀r฀y฀ ฀d฀r฀u฀g฀ ฀i n฀ ฀c l i n i c฀.  I฀t฀ 
฀i฀s฀ ฀o฀n฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀s฀t฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀d฀r฀u฀g฀s฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀k฀i฀n฀d฀,฀ ฀b฀e฀t฀t฀e฀r฀ ฀t h฀a฀n฀ ฀a฀s฀p i฀r฀i n฀ 
฀a฀n฀d฀ ฀i฀b฀u฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀n฀t฀i฀-฀i฀n฀f฀l฀a฀m฀m฀a฀t฀o฀r฀y฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀g฀e฀s฀i฀c฀ ฀e฀f฀fe c฀t฀s฀.  ฀I฀t฀ ฀i฀s฀ 
฀m฀a฀i฀n฀l฀y฀ ฀u฀s฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀r฀e฀a฀t฀m฀e฀n฀t฀ ฀o฀f฀ ฀r฀h฀e฀u฀m฀a฀t฀o฀i฀d฀ ฀a฀r฀t฀h฀r฀i฀t฀i฀s,  o s t e o a r฀t฀h r฀i฀t฀i฀s฀ 
฀a฀n฀d฀ ฀o฀t฀h฀e฀r฀ ฀d฀i฀s฀e฀a฀s฀e฀s฀ ฀a฀s฀ ฀a฀ ฀c฀h฀i฀r฀a฀l฀ ฀c฀o฀m฀p฀o฀u฀n฀d฀ ฀(฀F฀i฀g฀u฀r฀e฀ ฀1฀)฀.฀1฀,฀2฀ ฀I฀t฀s฀ ฀S฀ 
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀h฀a฀s฀ ฀l฀e฀s฀s฀ ฀s฀i฀d฀e฀ ฀e฀f฀f฀e฀c฀t฀s฀,฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀d฀o฀s฀a฀g฀e฀ ฀r฀e฀q฀u฀i฀r e฀m฀e n t  a n d  
฀h฀i฀g฀h฀e฀r฀ ฀p฀h฀a฀r฀m฀a฀c฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀i฀t฀s฀ ฀r฀a฀ce m a฀t฀e฀,฀ ฀w฀h i l฀e  
฀i฀t฀s฀ ฀R฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀h฀a฀s฀ ฀l฀i฀t฀t฀l฀e฀ ฀t฀h฀e฀r฀a฀p฀e฀u฀t฀i฀c฀ ฀e฀f฀f฀e฀c฀t฀ ฀a฀n฀d฀ ฀p฀r฀e฀s฀e n฀t฀s฀ ฀s฀o฀m e  
฀t฀o฀x฀i฀c฀ ฀s฀i฀d฀e฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀t฀o฀ ฀t฀h฀e฀ ฀h฀u฀m฀a฀n฀ ฀b฀o฀d฀y฀.฀3฀,฀4 ฀I฀n฀ ฀r e c e n t r฀e฀s฀e฀a฀r฀c฀h฀,฀ i t฀ ฀h฀a฀s฀ 
฀b฀e฀e฀n฀ ฀f฀o฀u฀n฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀R฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀h฀a฀s฀ ฀a฀ ฀c฀e฀r฀t฀a฀i฀n฀ ฀t฀h฀e฀ra p e฀u฀t i฀c฀ ฀e f฀f฀e฀c฀t฀ 
฀o฀n฀ ฀H฀e฀l฀m฀e฀r฀'฀s฀ ฀d฀i฀s฀e฀a฀s฀e฀,฀ ฀i฀n฀h฀i฀b฀i฀t฀i฀n฀g฀ ฀t฀u฀m฀o฀r฀ ฀g฀r฀o฀w฀t฀h฀ ฀a฀n฀d฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀o f  
฀n฀e฀u฀r฀o฀p฀a฀t฀h฀i฀c฀ ฀p฀a฀i฀n฀.฀5฀-฀1฀1 ฀H฀o฀w e v e r ,฀ ฀a฀t฀ ฀p฀r฀e฀s฀e฀n฀t฀,฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ 
฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀a฀n฀d฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀r฀a฀c฀e฀m฀a฀t฀e฀.฀ ฀S฀o฀ ฀i฀t฀ ฀i฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀t o  o฀b฀t a i฀n฀ ฀p฀u r e  
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀. 
฀.
 
),*85(฀ ฀T฀h฀e฀ ฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀.฀ ฀(฀a฀)฀ ฀S฀-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀(฀b฀)฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀. 
 
฀N฀o฀w฀,฀ ฀t฀h฀e฀ ฀a฀r฀t฀i฀f฀i฀c฀i฀a฀l฀ ฀m฀o฀n฀o฀m฀e฀r฀i฀c฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀d฀ru g  ฀a r e  
฀m฀a฀i฀n฀l฀y฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀s฀y฀n฀t฀h฀e฀s฀i฀s฀ a n฀d฀ 
฀r฀a฀c฀e฀m฀i฀c฀ ฀m฀i฀x฀t฀u฀r฀e฀ ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀.฀ ฀A฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀s฀y฀n฀t฀h฀e฀s฀i฀s฀ 
฀u฀s฀u฀a฀l฀l฀y฀ ฀r฀e฀q฀u฀i฀r฀e฀s฀ ฀m฀o฀r฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀s฀y฀n฀t฀h฀e฀t฀i฀c฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀a฀n฀d฀ ฀hi g h e r฀ ฀c฀o฀s฀t฀,฀ 
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀n฀o฀t฀ ฀c฀o฀n฀d฀u฀c฀i฀v฀e฀ ฀t฀o฀ ฀i฀n฀d฀u฀s฀t฀r฀i฀a฀l฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀.฀1฀2-1฀4฀ ฀N฀e฀v e r t h e l e s ,  
฀t฀h฀e฀ ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀a฀c฀e฀m฀a฀t฀e฀ ฀i฀s฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀l฀y฀ ฀s฀i฀m฀p฀l฀e฀ ฀a฀n฀d฀ ฀i t  ฀i฀s฀ p o s s฀i฀b฀l฀e฀ 
฀t฀o฀ ฀o฀b฀t฀a฀i฀n฀ ฀t฀w฀o฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀l฀y฀,฀ ฀w฀h฀i฀c฀h฀ ฀n฀e฀e฀d฀ ฀t o  b e  
฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀.฀1฀5฀,฀1฀6฀ ฀M o s t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀s฀,฀ ฀s฀u฀c฀h฀ ฀a฀s฀ 
฀c฀r฀y฀s฀t฀a฀l฀l฀i฀z฀a฀t฀i฀o฀n฀,฀1฀7-1฀9 k i n e t i c  ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀,฀2฀0-2฀2฀ ฀c฀h฀r฀o m a t o g r a p h i฀c฀ 
฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀,฀2฀3 m e b r฀a฀n฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀,฀2฀4฀ ฀e฀t฀c฀.฀,฀ ฀a฀r฀e฀ 
฀d฀i฀f฀f฀i฀c฀u฀l฀t t o a฀c฀h฀i฀e฀v฀e i n d u฀s฀t฀r฀i฀a฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀d฀u฀e฀ ฀t฀o฀ ฀l฀o฀w฀ ฀c฀a฀p฀a฀c฀i฀t฀y฀ ฀a฀n฀d฀ ฀n฀a฀r฀r฀o฀w฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀r฀a฀n฀g฀e฀.฀ ฀C฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀y฀ ฀a฀n฀d฀ ฀e฀l฀e฀c฀t฀r฀o฀c฀h฀e฀m฀i฀c฀a฀l฀ m฀e t h d฀s฀ 
฀a฀r฀e฀ ฀m฀a฀i฀n฀l฀y฀ ฀u฀s฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀,฀ ฀c฀u฀r฀re฀n฀t l y .฀2฀5-2฀7฀ 
฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀c฀h฀i฀r฀a฀l฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀w฀h฀i฀c฀h฀ ฀a฀p฀p฀li฀e s  t h e  l i q u i฀d -
l฀i q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀t฀e฀c h n฀o฀l฀o฀g฀y฀ ฀t฀o฀ ฀r฀a฀c฀e฀m฀a฀t฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ i s  t฀h e  ฀m o s฀t  
p฀r฀o฀s฀p e฀c฀t i฀v e  ฀m e฀t฀h฀o฀d฀ t฀o  ฀s฀c฀a฀l฀e฀-฀u฀p฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀o฀f฀ ฀l฀o฀w฀ ฀e฀n฀e฀r฀g฀y 
c o n s u m p t i o n฀,฀ s฀i m฀p฀l฀e฀ ฀e฀q฀u฀i฀p฀m฀e฀n฀t฀ ฀r฀e฀q฀u฀i฀r฀e฀m฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀m฀i฀l฀d฀ ฀o฀p฀e฀r฀a฀t i฀n฀g฀ 
c o n฀d฀i฀t฀i฀o฀n฀s฀.฀1฀6฀,฀2฀8฀-3฀3 T฀a n฀g฀ ฀e฀t฀ a฀l .฀3฀4฀ r e฀p฀o฀r฀t฀e฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ 
฀p฀a฀r฀t฀i t i o฀n฀i n g  ฀o f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o f e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀i฀n฀ ฀a฀ ฀b฀i฀p฀h฀a฀si฀c  ฀r฀e฀c o g n i฀t฀i฀o฀n฀ 
c h i r a l  e x฀t฀r฀a฀c฀t i฀o n  ( B R฀C฀E฀)฀ ฀s฀y฀s฀t฀e฀m฀ ฀c฀o฀m฀b฀i฀n฀i฀n฀g฀ ฀a฀ ฀h฀y฀d฀r฀o฀p฀h฀o฀b฀i c  L฀-
t a฀r t r a t e฀ i฀n฀ ฀o r฀g a n i c  ฀p฀h฀a s  ฀a฀n฀d฀ ฀h฀y฀d฀r฀o฀p฀h฀i฀l฀i฀c฀-฀c฀y฀c฀l฀o฀d฀e฀x฀tr i n  ฀d฀e฀r฀i฀v฀a฀t฀i฀v฀e฀ i n  
a qu e฀o u฀s฀ ฀p฀h฀a฀s฀e฀,฀ w฀h฀i฀c฀h฀ ฀p r e f e r฀e฀n฀t฀i฀a฀l฀l฀y฀ ฀r฀e฀c฀o฀g฀n฀i฀z฀e฀ ฀R฀-฀e฀n฀a฀n฀ti฀o฀m e฀r  a d฀ 
S฀- e n฀a n t฀i฀o฀m e r ,  r e฀s฀p฀e฀c฀t฀i v e฀l฀y฀.฀ ฀I฀n฀ ฀t฀h฀e฀s฀e฀ ฀b฀i฀p฀h฀a฀s฀i฀c฀ ฀r฀e฀s฀o฀lu฀t i฀o฀n฀s฀,฀ ฀t฀h฀e฀ 
i฀n f l u e n c e  o f  t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀s฀ ฀a฀n฀d฀ ฀f l u฀r b฀i฀p฀r o฀f฀e n฀ 
e n฀a฀n t฀i฀o m e r s ,  t h e  t y p e฀s฀ ฀o฀f฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀x฀t฀r฀ac t a n t฀s฀,฀ ฀p฀H฀ 
a n d฀ t e m฀p฀e r a t u e  ฀o n  ฀t฀h฀e฀ ฀b฀i฀p฀h฀a฀s฀i฀c฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀h฀a฀v e฀ b e e n  
i฀n v e s฀t฀i g฀a฀t฀e฀d฀ a d  ฀t h฀e  ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀i฀s฀ ฀1฀.฀2฀4฀ ฀i฀n฀ ฀o฀p t i m i z฀e฀d฀ 
฀c o n฀d฀i฀t฀i n  ฀a฀t฀ ฀2 5  ഒ .฀ ฀C h e n  e t  a l .฀3฀5 a l฀s o  d e฀v฀e฀l฀o฀p฀e฀d฀ ฀a฀ ฀m฀e฀t฀h฀o฀d฀ ฀u฀s฀i฀n฀g฀ 
฀a฀q฀u฀e฀o฀u฀s฀ ฀t฀w฀o฀-฀p฀h฀a฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀(฀A฀T฀P฀E฀)฀ ฀c฀o฀u฀p฀l฀e฀d฀ ฀w฀i฀t฀h฀ ฀b฀ip฀h฀a฀s฀i฀c฀ 
฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀t฀o฀ ฀s฀e฀p฀a฀r฀a฀t฀e฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀b฀y฀ ฀L - d i฀o c t y l฀ 
฀t฀a฀r฀t฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀L฀-฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀ ฀a฀n฀d฀ ฀a฀c฀h฀i฀e฀v฀e฀d฀ ฀g฀o฀o฀d฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ e f f e c฀t฀.฀ 
฀B฀u฀t฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀r฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀,฀ ฀l฀o฀n฀g฀e฀r฀ 
฀p฀h฀a฀s฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀t฀i฀m฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀u฀s฀e฀ ฀o฀f฀ ฀a฀ ฀c฀e฀r฀t฀a฀i฀n฀ ฀a฀m฀o฀u฀n฀t฀ ฀o฀f฀ s a l t s  
฀(฀N฀H฀4฀S฀O4฀)฀ ฀a฀s฀ ฀a฀d฀d฀i฀c฀t฀i฀v฀e฀,฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀i฀s฀ ฀n฀o฀t฀ ฀b฀e฀n฀e฀f฀i฀c฀i฀a฀l฀ ฀t o฀ 
฀s฀u฀b฀s฀e฀q฀u฀e฀n฀t฀ ฀d฀r฀u฀g฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀c฀y฀c฀l฀e฀d฀ ฀u฀t฀i฀l฀i฀z฀a฀t฀i฀o฀n  o f฀ 
฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀a฀i฀n฀l฀y฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀n฀d฀ ฀i฀m p r฀o v e d . 
฀I n  g฀e n e r a฀l ,  t h e  ฀s฀e฀l e฀c฀t฀i฀o n฀ ฀o฀f฀ ฀h฀i฀g฀h฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀vi t฀y c h i r a l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ 
฀i฀s฀ t฀h฀e฀ ฀k฀e฀y฀ ฀s฀t฀e฀p฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀r฀e฀s฀o฀l u t฀i฀o n  
฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀b฀y฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀.฀3฀6฀ ฀I฀o฀n฀i฀c฀ l i฀q฀u i฀d฀s฀ ฀w h i c h  ฀a฀r e฀ 
฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀c฀a฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀i฀n฀o฀r฀g฀a฀n฀i฀c฀ ฀o฀r฀ ฀o฀r฀g฀a฀n฀i฀c n i ,  
฀h฀a฀v฀e฀ b e e n  ฀e฀x t e n s i v e l฀y฀ a฀p฀p฀l฀i e฀d฀ ฀t฀o฀ ฀e฀l฀e฀c฀t฀r฀o฀c฀h฀e฀m฀i฀c฀a฀l฀,฀ ฀c฀h฀e฀m i฀c a฀l฀ 
c a t฀a฀l y s฀i s฀,  g a s  ฀a฀b฀s฀o r฀p฀t฀i฀o฀n฀,฀ e x฀t r฀a฀c฀t฀i฀o฀n฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀a฀nd฀ o t h e฀r  ฀a s p e c t s  
฀r e฀c e n t l฀y฀,  ฀b a s฀e฀d  o n  ฀t฀h฀e฀i฀r฀ ฀n฀e฀g฀l฀i g i฀b฀l฀e฀ ฀v฀a฀p฀o฀r฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀,฀ ฀g฀o฀o d  t h e r m฀a฀l฀ 
s t a b i l฀i฀t y ,  a n฀d฀ ฀a d j฀u฀s฀t฀a฀b฀l฀e฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀.฀3฀7-3฀9฀ ฀C฀h i r฀a l  ฀i o n i c฀ l฀i฀q฀u฀i฀d฀ ฀(฀C฀I฀L฀)฀ 
฀w฀h฀i฀c฀h฀ ฀h฀a฀s  c h i฀r฀a฀l฀ c฀e฀n฀t฀e฀r฀ ฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ w i t฀h฀ t฀h฀e฀ ฀g฀e฀n e฀r฀a l฀ 
฀c฀h฀a฀r฀a c t e฀r i s t i c s  o f  c฀h i r a l  ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀,฀ ฀i฀s฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ s u b฀c฀l฀a฀s s  ฀o฀f  
i o n i฀c฀ l i฀q฀u฀i฀d฀s฀ ฀w฀i฀t฀h฀ ฀g฀o฀o฀d฀ ฀c฀h฀i฀r฀a฀l฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀a฀b฀i฀l฀i฀t฀y฀. R฀e฀c฀e฀n฀t฀l y ,฀ ฀t฀h฀e฀ 
฀r฀e l฀a฀t฀e฀d  s t฀u฀d฀i฀e฀s฀ a b o฀u฀t฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀i n  
฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀h฀a฀v฀e฀ ฀s฀u฀s฀t฀a฀i฀n฀e฀d฀ ฀g฀r฀o฀w฀n฀,฀ ฀e฀se฀c฀i a l฀l฀y฀ ฀i฀n฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀a฀s฀p฀e฀c฀t฀.฀3฀0฀,฀4฀0฀-4฀4฀ ฀S฀o฀,฀ ฀i t  i฀s  e x p e c t d  t฀h฀a฀t฀ 
฀t฀h฀e฀ ฀i฀n฀t฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀ ฀a฀s฀ ฀a฀ ฀c฀hi r a฀l  s e l฀e c t o r  ฀i t o  
฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀em฀ o฀f฀ ฀f฀l u฀r b฀i฀p฀r฀o฀f฀e฀n฀ 
฀c฀a฀n฀ ฀a฀c฀h฀i฀e฀v฀e฀ ฀a฀ ฀b฀e฀t฀t฀e฀r฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀. 
฀Q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀p฀r฀o฀v฀e฀d฀ ฀t฀o฀ ฀b฀e฀ a฀ u s฀e฀f฀u฀l฀ 
฀t฀o฀o฀l฀ ฀t฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀t฀h฀e฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀-฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀r฀e฀l฀a฀t฀i฀on s h฀i p ,  a n฀a฀l y฀z e฀ t h e฀ 
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀p฀r฀e฀d฀i฀c฀t฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀ib u t i฀o฀n฀ ฀b e h a฀v฀i o r฀s  o f  
฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ ฀R฀e฀c฀e n t฀l฀y฀,฀ ฀w฀e฀ 
฀h฀a฀v฀e฀ ฀s฀u฀c฀c฀e฀s฀s฀f฀u฀l฀l฀y฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀t฀h฀e฀ ฀q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀ul a t i o n s฀ f o r  
฀t฀h฀e฀ ฀g฀u฀i฀d฀a฀n฀c฀e฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀s฀e฀l฀e฀c฀t฀i฀o฀n฀ ฀i฀n฀ ฀th e  ฀r a฀c฀e฀m i฀c฀ 
฀a฀m฀l฀o฀d฀i฀p฀i฀n฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀T฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀ ฀w฀a฀s฀ 
฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀o฀b t฀a฀i฀n e d  
฀f฀a฀v฀o฀r฀a฀b฀l฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀.฀3฀0฀ ฀B฀a฀s฀e฀d  t฀h i s  ฀w o฀r฀k฀,฀ ฀t฀h฀e฀ ฀p฀r฀e฀l฀i฀m฀i฀n฀a฀r฀y฀ 
฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n฀ ฀b฀e฀f฀o฀r฀e฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀ ฀f฀o฀r฀ ฀t฀h฀e฀ o p t i c a l  i฀s฀o m฀e฀r฀ 
฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀b฀y฀ ฀t฀h฀e฀ ฀q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀on s฀ ฀i s  
฀f฀e฀a฀s฀i฀b฀l฀e฀ ฀a฀n฀d฀ ฀s฀i฀m฀p฀l฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀. 
฀I฀n฀ ฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀,฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀ro f e n฀ ฀e฀n฀a฀n t฀i฀o฀m r฀s฀ 
฀i฀s฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o n  ฀s y฀s฀t e m฀,฀ ฀w h i฀c h  
฀i฀s฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀m฀e฀t฀h฀a฀n฀o฀l฀ ฀a฀q฀u฀e฀ou฀s฀ 
฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀ ฀a฀s฀ ฀a฀n฀ ฀a฀q฀u฀e฀ou s  ฀c฀h i฀r฀a฀l฀ 
฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀.฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀ ฀t฀y฀p฀e  ฀w฀a฀s฀ ฀f฀i฀r s฀t฀ s t u฀d฀i฀e฀d฀ 
฀w฀i฀t฀h฀ ฀q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀ ฀b฀y฀ ฀G฀a฀u฀s฀s฀ ฀1฀6฀ 
฀(฀G฀a฀u฀s฀s฀i฀a฀n฀)฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀a฀n฀d฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀v฀e฀r฀i฀f฀i฀e฀d฀ ฀b฀y฀ ฀e฀x฀t฀r฀a฀c฀ti฀o n  ฀e฀x p e r i m฀e฀n฀t฀s฀,฀ 
฀s฀u฀b฀s฀e฀q฀u฀e฀n฀t฀l฀y฀.฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t,  t h e  
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀io฀n฀ ฀o฀f฀ ฀d฀r฀u฀g  
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀,฀ ฀t฀h฀e฀ ฀p฀H฀ ฀o฀f฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀t฀e฀m฀p฀e฀r฀a฀tu r e  o n  
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀w฀e฀r฀e฀ ฀a฀l฀s฀o฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀a฀ ฀r฀e฀v฀e r s e฀ 
฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀w฀a฀s฀ ฀a฀l฀s฀o฀ ฀c฀a฀r฀r฀i฀e฀d฀ ฀o฀u฀t฀ ฀t฀o฀ ฀s฀e฀p฀a฀r฀a฀t฀e n d  r e c o v e r  
฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀w฀i฀t฀h฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀c฀o฀n d u c฀t i v e฀ ฀t o  
฀i฀n฀d฀u฀s฀t฀r฀i฀a฀l฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s.฀  
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฀F฀l฀u฀r฀b฀i฀f฀r฀o฀p฀f฀e฀n฀ ฀(฀r฀a฀c฀e฀m฀a฀t฀e฀,฀ ฀p฀u฀r฀i฀t฀y฀ ฀>฀ ฀9฀9฀%฀)฀ ฀w฀a฀s฀ ฀p฀u฀r฀c฀h฀a฀s฀e฀d f r฀o m฀ J &฀K  
฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀C฀o฀.฀ ฀L฀t฀d฀.฀ ฀(฀B฀e฀i฀j฀i฀n฀g฀,฀ ฀C฀h฀i฀n฀a฀)฀.฀ ฀T฀h฀e฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀r฀e฀fe r฀e฀n฀c฀e
฀s฀a฀m฀p฀l฀e฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀f฀r฀o฀p฀f฀e฀n฀ ฀(฀r฀a฀c฀e฀m฀a฀t฀e฀,฀ ฀p฀u฀r฀i฀t฀y฀ ฀>฀ ฀9฀9฀.฀8฀%฀)฀ ฀w฀as  p u r c h a฀s e d  
฀f฀r฀o฀m฀ ฀N฀a฀t฀i฀o฀n฀a฀l฀ ฀I฀n฀s฀t฀i฀t฀u฀t฀e฀s฀ ฀f฀o฀r฀ ฀F฀o฀o฀d฀ ฀a฀n฀d฀ ฀D฀r฀u฀g฀ ฀C฀o฀n฀t฀r฀o฀l฀ ฀(B฀e฀i฀j i n g฀,  C฀h฀i n a ) .  
฀T฀h฀e฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀f฀r฀o฀p฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀s฀a฀m฀p฀l฀e฀ ฀(฀p฀u฀r฀i฀t฀y฀ ฀>฀ ฀9฀8฀%฀)฀ 
฀w฀a฀s฀ ฀p฀u฀r฀c฀h฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀J฀&฀K฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀C฀o฀.฀ ฀L฀t฀d฀.฀ ฀(฀B฀e฀i฀j฀i฀n฀g฀,฀ ฀C฀h฀i n a )฀.฀ ฀1฀-
฀B฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀i฀u฀m฀ ฀L฀-฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀ ฀(฀[฀B฀M฀I฀M฀]฀[฀L฀-฀t฀r฀p฀]฀,฀ ฀97 %฀)฀, 1
฀b฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀i฀u฀m฀ ฀L฀-฀p฀h฀e฀n฀y฀l฀a฀l฀a฀n฀i฀n฀e฀ ฀(฀[฀B฀M฀I฀M฀]฀[฀L฀-฀p฀h฀e฀],  9 7 %฀)฀,฀ 
฀1฀-฀b฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀i฀u฀m฀ ฀L฀-฀s฀e฀r฀i฀n฀a฀t฀e฀ ฀(฀[฀B฀M฀I฀M฀]฀[฀L฀-฀s฀e฀r฀]฀,฀ ฀97 %฀)฀,฀ ฀1 -
฀b฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀i฀u฀m฀ ฀L฀-฀g฀l฀u฀t฀a฀m฀a฀t฀e฀ ฀(฀[฀B฀M฀I฀M฀]฀[฀L฀-฀g฀l฀u฀]฀,฀ ฀9฀7฀%)  ฀w฀a s  
฀p฀u฀r฀c฀h฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀C฀h฀e฀n฀g฀j฀i฀e฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀C฀o฀.฀ ฀L฀t฀d฀ ฀(฀S฀h฀a฀n฀g฀h฀a฀i฀,฀ ฀Ch i n a฀)฀.฀ 
฀T฀h฀e฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀r฀e฀ 
฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀2฀.฀ ฀1฀,฀2฀-฀D฀i฀c฀h฀l฀o฀r฀o฀e฀t฀h฀a฀n฀e฀ ฀(฀A฀R฀,฀ ฀9฀9฀%฀),฀ 
฀d฀i฀c฀h฀l฀o฀r฀o฀m฀e฀t฀h฀a฀n฀e฀ ฀(฀A฀R฀,฀ ฀9฀9฀.฀5฀%฀)฀,฀ ฀m฀e฀t฀h฀a฀n฀o฀l฀ ฀(฀H฀P฀L฀C฀ ฀g฀r฀a฀d฀e฀,฀ ฀9฀9฀.฀5฀%฀)฀ 
฀w฀a฀s฀ ฀p฀u฀r฀c฀h฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀S฀i฀n฀o฀p฀h฀a฀r฀m฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀R฀e฀a฀g฀e฀n฀t฀ ฀C฀o฀.฀ ฀L฀t฀d฀ 
฀(฀C฀h฀i฀n฀a฀)฀.฀ ฀n฀-฀O฀c฀t฀a฀n฀o฀l฀ ฀(฀A฀R฀,฀ ฀9฀9฀%฀)฀,฀ ฀n฀-฀d฀e฀c฀a฀n฀o฀l฀ ฀(฀A฀R฀,฀ ฀9฀8฀%฀)฀,฀ ฀e฀t฀h฀a฀n฀o฀l  
฀(฀H฀P฀L฀C฀ ฀g฀r฀a฀d฀e฀,฀ ฀9฀9฀.฀8฀%฀)฀,฀ ฀p฀h฀o฀s฀p฀h฀o฀r฀i฀c฀ ฀a฀c฀i฀d฀ ฀(฀H฀3 P฀O4฀,฀ ฀A R฀,฀ 8 5 %฀)฀,  s o d฀i฀u฀m฀ 
฀d฀i฀h฀y฀d฀r฀o฀g฀e฀n฀p฀h฀o฀s฀p฀h฀a฀t฀e฀ ฀(฀N฀a฀H฀2 P O฀4฀,฀ A R฀,฀ ฀9฀9฀%฀)฀,฀ ฀d฀i฀s฀o฀d฀i฀u฀m฀ 
฀h฀y฀d฀r฀o฀g฀e฀n฀p฀h฀o฀s฀p฀h฀a฀t฀e฀ ฀(฀N฀a฀2 H P฀O฀4 ,฀ A R ,  ฀9 9฀%฀)฀,฀ ฀t฀r฀i฀f฀l฀u฀o฀r฀o฀a฀c฀e฀t฀i฀c ฀a c i฀d  
฀(฀T฀F฀A฀,฀ ฀H฀P฀L฀C฀ ฀g฀r฀a฀d฀e฀,฀ ฀9฀9฀.฀5฀%฀)฀ ฀w฀a฀s฀ ฀p฀u฀r฀c฀h฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀A฀l฀a฀d฀d฀i฀n฀ R฀e฀a g฀e฀n฀t฀ 
฀C฀o฀.฀ ฀L฀t฀d฀ ฀(฀S฀h฀a฀n฀g฀h฀a฀i฀,฀ ฀C฀h฀i฀n฀a฀)฀.฀ ฀N฀-฀h฀e฀x฀a฀n฀e฀(฀H฀P฀L฀C฀ ฀g฀r฀a฀d฀e฀,฀ ฀9฀5฀%)  w a฀s฀ 
฀p฀u฀r฀c฀h฀a฀s฀e฀d฀ ฀f฀r฀o฀m฀ ฀S฀i฀g฀m฀a฀-฀A฀l฀d฀r฀i฀c฀h฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀C฀o฀.฀ ฀L฀t฀d฀.฀ 
฀H฀3฀P฀O4฀/฀N฀a฀H฀2 P O฀4฀/฀N฀a฀2฀H฀P฀O฀4฀ ฀b฀u฀f฀f฀e฀r฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀p฀H฀ ฀r฀a฀n฀g฀e฀s฀ 
฀w฀e฀r฀e฀ ฀p฀r฀e฀p฀a฀r฀e฀d฀ ฀b฀y฀ ฀m฀i฀x฀i฀n฀g฀ ฀o฀f฀ ฀s฀o฀d฀i฀u฀m฀ ฀d฀i฀h฀y฀d฀r฀o฀g฀e฀n฀p฀h฀o฀s฀p฀h฀a฀t฀e,  
฀d฀i฀s฀o฀d฀i฀u฀m฀ ฀h฀y฀d฀r฀o฀g฀e฀n฀p฀h฀o฀s฀p฀h฀a฀t฀e฀ ฀a฀n฀d฀ ฀p฀h฀o฀s฀p฀h฀o฀r฀i฀c฀ ฀a฀c฀i฀d฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀s฀ ( b o฀t h  
฀0฀.฀3฀ ฀m฀o฀l฀/฀L฀)฀ ฀i฀n฀ ฀p฀r฀o฀p฀e฀r฀ ฀p฀r฀o฀p฀o฀r฀t฀i฀o฀n฀s฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀H฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n t฀s฀ ฀w฀e r e  
฀p฀e฀r฀f฀o฀r฀m฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀p฀H฀s฀-฀3฀C฀ ฀d฀i฀g฀i฀t฀a฀l฀ ฀p฀H฀-฀m฀e฀t฀e฀r฀ ฀(฀L฀e฀i฀C฀i฀,฀ ฀S฀h฀a฀ng h a฀i฀,฀ 
฀C฀h฀i฀n฀a฀)฀. 
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 ),*85(฀ ฀ ฀T฀h฀e฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀u฀s฀e฀d฀ ฀i n฀ t h i฀s
฀w฀o฀r฀k฀.฀ ฀(฀a฀)฀ ฀[฀B฀M฀I฀M฀]฀[฀L฀-฀t฀r฀p฀]฀,฀ ฀(฀b฀)฀ ฀[฀B฀M฀I฀M฀]฀[฀L฀-฀p฀h฀e฀]฀,฀ ฀(฀c฀)฀ ฀[฀B฀M฀I฀M ] [ L - g l฀u฀]฀,฀ ฀( d฀)  
฀[฀B฀M฀I฀M฀]฀[฀L฀-฀s฀e฀r฀] 
 
([WUDFWLRQ([SHULPHQWV 
([WUDFWLRQSURFHVV 
฀C฀h฀i฀r฀a฀l฀ ฀a฀m฀i฀n฀o฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀ and flurbiprofen racemate d฀i฀s฀s฀o฀l฀v฀e฀d฀ ฀i฀n฀ ฀a฀ 
฀c฀e฀r฀t฀a฀i฀n฀ ฀p฀H฀ ฀0฀.฀3฀ ฀m฀o฀l฀/฀L฀ ฀p฀h฀o฀s฀p฀h฀a฀t฀e฀ ฀s฀a฀l฀t฀ ฀b฀u฀f฀f฀e฀r฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀. D฀u฀e฀ t o  ฀p฀o o r  
฀s฀o฀l฀u฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀w฀a฀t฀e฀r฀,฀ ฀1฀0฀%฀ ฀(฀v฀/฀v฀)฀ ฀m฀e฀t฀h฀a฀n฀o l฀ ฀w฀a฀s  a d d e d฀ 
฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀i฀t฀s฀ ฀s฀o฀l฀u฀b฀i฀l฀i฀t฀y฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀i฀t฀ ฀h฀a฀s฀ ฀b e฀e฀n฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ 
฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀l฀c฀o฀h฀o฀l฀ ฀h฀a฀s฀ ฀n฀o฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀n฀ ฀i฀b฀u฀p r฀o฀f฀e฀n฀ 
฀d฀r฀u฀g฀s฀.฀4฀5฀,฀4฀6฀ ฀T฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀w฀a฀s฀ ฀m฀i฀x฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀n฀ ฀e฀q฀u฀a฀l฀ ฀v฀o฀l฀u฀m฀e฀ 
฀o฀f฀ ฀p฀u฀r฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀ ฀a฀s฀ ฀t฀h฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀s฀h฀a฀k฀e฀n  ฀f฀o฀r฀ ฀t฀w฀o฀ 
฀h฀o฀u฀r฀s฀ ฀u฀n฀t฀i฀l฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀i฀n฀ ฀a฀ ฀w฀a฀t฀e฀r฀ ฀b฀a฀t฀h฀ ฀a฀t฀ ฀a฀ ฀f i x e฀d฀ 
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀.฀ ฀A฀f฀t฀e฀r฀ ฀c฀o฀m฀p฀l฀e฀t฀i฀n฀g฀ ฀p฀h฀a฀s฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀,฀ ฀a฀ ฀s฀m฀a฀l฀l฀ a m฀o฀u t฀ 
฀o฀f฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀p฀h฀a฀s฀e฀ ฀w฀a฀s฀ ฀t฀a฀k฀e฀n฀ ฀t฀o฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀ra฀t฀i o n  o f  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀b฀y฀ ฀H฀P฀L฀C฀.฀ ฀T฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n ฀o฀f  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀c฀a฀n฀ ฀t฀h฀e฀n฀ ฀b฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀m฀a฀s฀s฀ 
฀s฀u฀b฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀. 
5HYHUVHH[WUDFWLRQSURFHVV 
฀T฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀e฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀i฀s฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀,฀ ฀m฀i฀x฀e฀d฀ ฀w฀i฀t฀h a n฀ e q u a l  
฀v฀o฀l฀u฀m฀e฀ ฀o฀f฀ ฀d฀i฀c฀h฀l฀o฀r฀o฀m฀e฀t฀h฀a฀n฀e฀,฀ ฀a฀n฀d฀ ฀s฀h฀a฀k฀e฀n฀ ฀a฀t฀ ฀2฀5฀ ฀°฀C฀ ฀f฀o฀r฀ ฀2฀ ฀h฀o฀u฀r฀s฀ ฀t฀o฀ 
฀p฀e฀r฀f฀o฀r฀m฀ ฀t฀h฀e฀ ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀u฀n฀t฀i฀l฀ ฀p฀h฀a฀s฀e฀ ฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀.฀ 
฀A f t e r฀ ฀s฀e t฀t i฀n g  ฀f฀o฀r  a฀ ฀w h i l฀e฀ ฀a฀n฀d฀ ฀p฀h฀a฀s฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀,฀ ฀t฀h฀e r e฀v฀e฀r฀s฀e฀ 
฀e฀x t r a c t e฀d฀ ฀a฀q฀u฀e o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀i฀s฀ ฀r฀e฀-฀u฀s฀e฀d฀ ฀f฀o฀r฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀st฀e p  t o  a c฀h฀i฀e฀v฀e฀ 
฀t฀h฀e฀ ฀r฀e฀c฀o฀v฀e฀r฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀t฀h฀e฀ ฀i฀on i c  l฀i฀q฀u฀i d  
฀w฀i฀t฀h฀o฀u฀t฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀p฀u฀r฀i฀f฀i฀c฀a฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀s฀c฀h฀e฀m a t i฀c฀ 
฀r฀e฀p฀r฀e฀s฀e฀n฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀ ฀i฀s฀ ฀s฀h฀o฀wn  i n  ฀F฀i฀g u฀r฀e฀ 
฀3฀. 
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$QDO\WLFDO0HWKRG 
฀T฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀i฀n฀ ฀o฀rg a฀n฀i฀c฀ ฀p฀h฀a s e  
฀w฀a฀s฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀ ฀b฀y฀ ฀H฀P฀L฀C฀ ฀u฀s฀i฀n฀g฀ ฀a฀ ฀U฀V฀ ฀d฀e฀t฀e฀c฀t฀o฀r฀ ฀(฀A฀g฀i฀l฀e฀n฀t฀ ฀12 6 0฀ I n f i฀n i฀t฀y฀ 
฀I฀I฀)฀ ฀a฀t฀ ฀t฀h฀e฀ ฀U฀V฀ ฀w฀a฀v฀e฀l฀e฀n฀g฀t฀h฀ ฀o฀f฀ ฀2฀5฀4฀ ฀n฀m฀ ฀a฀t฀ ฀2฀0฀ ฀°฀C฀.฀ ฀T฀h฀e฀ ฀c฀o฀l฀u฀m฀n฀ ฀w a s  
฀C฀H฀I฀R฀A฀L฀P฀A฀K฀R฀ ฀I฀G฀ ฀(฀5฀ ȝ฀m฀,฀ ฀4฀.฀6฀ ฀×฀ ฀2฀5฀0฀ ฀m฀m฀2฀)฀.฀ T h฀e  m o฀b฀i l e  p h a s e฀ ฀w฀a฀s฀ 
฀h฀e฀x฀a฀n฀e฀ ฀(฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀0฀.฀1฀%฀ ฀t฀r฀i฀f฀l฀u฀o฀r฀o฀a฀c฀e฀t฀i฀c฀ ฀a฀c฀i฀d฀)฀:฀ ฀e฀t฀h฀a฀n฀o฀l฀ ฀( 9 5฀:฀5฀,฀ ฀v฀/฀v฀)฀ 
฀a฀t฀ ฀a฀ ฀f฀l฀o฀w฀ ฀o฀f฀ ฀1฀m฀Lā฀m฀i฀n฀-฀1฀.  T฀h฀e฀ ฀i n฀j฀e฀c฀t฀ ฀v฀o฀l฀u฀m฀e฀ ฀i฀s฀ ฀2฀0฀ ȝ฀L฀.฀ ฀T฀h฀e฀ ฀r฀e฀t฀e฀n฀t฀i฀o฀n฀ 
฀t฀i฀m฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀R฀-฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀i฀s฀ ฀l฀e฀s฀s฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀-฀en a n t i฀o m e฀r฀ 
฀w฀h฀i฀c฀h฀ ฀w฀a฀s฀ ฀v฀e฀r฀i฀f฀i฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀e฀a฀k฀s฀ ฀o฀f฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀S฀-฀f฀l ur฀b฀i p r o฀f e฀n฀ ฀e฀n฀a n t฀i฀o฀m฀e฀r฀ 
฀w฀e฀r฀e฀ ฀c฀o฀m฀p฀l฀e฀t฀e฀l฀y฀ ฀s฀e฀p฀a฀r฀a฀t฀e฀d฀.฀ ฀T฀h฀e฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀c฀u฀r฀v฀e฀s฀ ฀o฀f฀ ฀b฀ot฀h  R -
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀(฀A฀ ฀=฀ ฀1฀1฀9฀.฀0฀5฀C฀+฀1฀3฀8฀.฀6฀8฀,฀ ฀r฀ ฀=฀ ฀0฀.฀9฀9฀9฀6฀,฀ ฀w฀h฀e฀r฀e฀ ฀A฀ ฀(฀m฀A฀uā฀s฀)฀ ฀i฀s฀ 
฀t฀h฀e฀ ฀p฀e฀a฀k฀ ฀a฀r฀e฀a฀ ฀a฀n฀d฀ ฀C฀ (ȝ฀gā m฀L฀-฀1)  ฀i฀s฀ ฀t฀h฀e฀ e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀)฀ 
฀a฀n฀d฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀(฀A฀ ฀=฀ ฀1฀5฀6฀.฀2฀6฀C฀-฀3฀1฀.฀4฀1฀,฀ ฀r฀ ฀=฀ ฀0฀.฀9฀9฀9฀2฀)฀ ฀w฀e฀r฀e฀ ฀u฀s฀e฀d฀ ฀t฀o  
฀q฀u฀a฀n฀t฀i฀f฀y฀ ฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀.฀ ฀T฀h฀e฀ ฀d฀e฀t฀e฀c฀t฀o฀r฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀w฀e฀r฀e฀ ฀l฀i฀n฀e฀a฀r฀ 
฀f฀r฀o฀m฀ ฀1฀0฀ ȝ฀gā฀m฀L฀-฀1 t฀o฀ 2฀0฀0฀.฀0฀0฀ ȝ฀gā฀m฀L฀-฀1 a n d฀ ฀t h e฀ ฀d฀e฀t฀e฀c฀t฀i฀o฀n฀ ฀l฀i฀m฀i฀t฀ ฀w฀a฀s฀ 
฀0฀.฀0฀6฀ ȝ฀gā฀m฀L฀-฀1฀ f฀o฀r฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀0฀.฀1฀2฀ ȝ฀gā฀m฀L฀-฀1฀ ฀f฀o฀r฀ S฀-฀f l u r b i p r฀o฀f฀e n .฀ 
฀A฀l฀l฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀s฀ ฀w฀e฀r฀e฀ ฀r฀e฀p฀e฀a฀t฀e฀d฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀t฀h฀r฀e฀e฀ ฀t i m฀e s .  
฀T฀h฀e฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀i฀e฀s฀ ฀o฀f฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀a฀r฀e฀ X฀(7 )  =฀ ฀0฀.฀1฀ ഒ ,฀ 
X฀(฀p฀H฀)฀ ฀=฀ ฀0฀.฀0฀1฀.฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ ฀o฀f฀ ฀en a n฀t฀i฀o฀m฀e฀r฀s฀ 
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀i฀s฀ X฀ ฀=฀ 0 . 6 %฀. T฀h  r e p฀r o฀d฀u฀c฀i฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀w฀a฀s฀ ฀w฀i฀t฀h฀i฀n฀ ฀5฀%฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀p฀ro d฀u฀c฀i b฀i l฀i฀t฀y฀ o฀f฀ t฀h฀e฀ 
฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀i฀s฀ ฀w฀i฀t฀h฀i฀n฀ ฀±฀2฀%฀.฀  
0HFKDQLVP 
 
),*85(฀ ฀T฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀H฀A฀R  ฀a฀n฀d  
฀H฀AS฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀ ฀t฀h฀e฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s ,฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀A฀R฀-  ฀a฀n฀d  ฀A฀S฀-  ฀r e฀p฀r฀e฀s฀e฀n฀t฀ ฀t฀h฀e฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀S฀-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀o฀n฀i฀c฀s฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀. 
 
฀T฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀a฀n฀d฀ ฀r฀e฀a฀c฀t฀i฀o฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀an฀i s m฀ i s  
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀4฀.฀ ฀T฀h฀e฀ ฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀e฀xt฀r฀a฀c฀t฀i o฀n  
฀s฀y฀s฀t฀e฀m฀ ฀i฀n฀c฀l฀u฀d฀e฀s฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀s฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀ip r o f e฀n฀ 
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀p฀h฀a฀s฀e฀s฀,฀ ฀t฀h฀e฀ ฀d฀i฀s฀s฀o฀c฀i a฀t i฀o฀n฀ 
฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
฀d฀i฀a฀s฀t฀e฀r฀e฀o฀m฀e฀r฀i฀c฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀e฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀i o n i฀c฀ 
฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀n฀d฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀m o l e c u l฀a฀r฀ 
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀ ฀s฀u฀c฀h฀ ฀a฀s฀ ฀h฀y฀d฀r฀o฀g฀e฀n฀ ฀b฀o฀n฀d฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀,฀ ฀V฀a฀n d e  W a฀a฀l s  ฀a n d  
฀e฀l฀e฀c฀t฀r฀o฀s฀t฀a฀t฀i฀c฀. 
฀D i฀s฀t฀r i b u t i o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀(N )  ฀a฀n฀d฀ ฀o฀p฀e r a t i฀o n a฀l฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀(Į฀)฀ 
o f  e n a n i฀o฀m e s i n  ฀t h e  ฀e฀q฀u฀i l฀i฀b฀r฀i฀u฀m฀ ฀s฀t฀a฀t฀e฀ ฀a฀r฀e฀ ฀t฀w฀o฀ ฀i฀m฀p฀o฀r฀t฀a฀n t฀ 
p a r a m e฀t฀e฀r฀s฀ t฀o  d e s c r i฀b฀e฀ t฀h฀e฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t r a฀c฀t฀i o n฀ 
s y s t฀e m  i n  ฀t฀h฀i฀s฀ ฀w r k ,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀he  ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ 
e q฀u฀a t i o n s ,  ฀r฀e s p e c฀t i v e l฀y฀. 
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฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ 
฀(฀3฀)฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ 
w h฀e r e&62  a฀n฀d฀ &6:฀ ฀r e฀p฀r e s฀e฀n฀t฀ t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀S฀-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ i฀n฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v e฀l y ;฀ 
&52฀ ฀a฀n฀d฀ &5:  ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ 
฀o฀r฀g฀a฀n฀i฀c฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀;฀ N6฀ a฀n฀dN5 a r฀e฀ ฀t฀h฀e฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀R฀-฀fl฀u r฀b฀i฀p฀r฀o฀f฀e฀n฀;฀ Į฀i s  
฀t฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀a฀l฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀i฀n฀t฀r฀i฀n฀s฀i฀c฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀t฀y฀ ฀(ĮLQW฀)฀ ฀i฀s฀ t h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀a฀t฀i฀o฀n฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀s,฀ 
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀t฀h฀e฀ ฀u฀p฀p฀e฀r฀ ฀l฀i฀m฀i฀t฀ ฀o฀f฀ Į฀. 
 
5HVXOWDQG'LVFXVVLRQ 
 
4XDQWXPFKHPLVWU\FDOFXODWLRQGHWDLOV 
฀Q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀ ฀w฀e฀r฀e฀ ฀p฀e฀r฀f฀o r฀m e฀d฀ 
฀w฀i฀t฀h฀ ฀G฀a฀u฀s฀s฀i฀a฀n฀ ฀1฀6฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀.฀ ฀T฀h฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀t฀h e o r y  ( D F T฀)
฀a฀n฀d฀ ฀h฀y฀b฀r฀i฀d฀ ฀B฀e฀c฀k฀e฀ ฀3฀-฀L฀e฀e฀Y฀a฀n฀g฀-฀P฀a฀r฀r฀ ฀(฀B฀3฀L฀Y฀P฀)฀ ฀e฀x฀c฀h฀a฀n฀g฀e฀-฀c฀o฀r฀r e l a t฀i฀o฀n฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀w฀i฀t฀h฀ ฀6฀–฀3฀1฀+฀+฀G฀(฀d฀,฀p฀)฀ ฀b฀a฀s฀i฀s฀ ฀s฀e฀t฀ ฀w฀e฀r฀e฀ ฀a฀p฀p฀l฀i฀e฀d t฀o฀ ฀e x฀p฀l฀o฀r฀e฀ ฀t h e฀ 
฀p฀r฀o฀p฀e฀r฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀a฀n฀y฀ ฀s฀y฀m฀m฀e฀t฀r฀y฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀s฀.฀ A฀l l฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀s฀ ฀w฀e฀r฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀ ฀i฀n฀ ฀v฀a฀c฀u฀o฀ ฀a฀n฀d฀ ฀a฀l฀l฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d  i฀n i฀t฀i a l  
฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀ ฀w฀e฀r฀e฀ ฀l฀o฀c฀a฀l฀l฀y฀ ฀o฀p฀t฀i฀m฀u฀m฀ ฀o฀n฀ ฀t฀h฀e฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀e฀n฀e฀r฀g y  s u r f a c e  
฀v฀e฀r฀i฀f฀i฀e฀d฀ ฀b฀y฀ ฀v฀i฀b฀r฀a฀t฀i฀o฀n฀a฀l฀ ฀f฀r฀e฀q฀u฀e฀n฀c฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀.฀ ฀S฀i฀m฀i฀l฀a฀r  ฀s฀i฀m฀u฀l฀a฀t i o n
฀p฀r฀o฀c฀e฀s฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d฀ ฀i฀n฀ ฀o฀u฀r฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀w฀o฀r฀k฀.฀3฀0฀ ฀I฀n฀ b฀r฀i e฀f ,฀ ฀f฀i฀r฀s฀t฀l y ,  t฀h฀e฀ 
฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀c฀o฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀ro f฀e฀n฀,฀ ฀t฀h฀e฀ 
฀a฀n฀i฀o฀n฀ ฀a฀n฀d฀ ฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀w฀e฀r฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀u฀n d e฀r  
฀B฀3฀L฀Y฀P฀/฀6฀-฀3฀1฀+฀+฀G฀(฀d฀,฀p฀)฀ ฀l฀e฀v฀e฀l฀ ฀o฀n฀ ฀t฀h฀e฀ ฀b฀a฀s฀i฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀p฀o฀r฀t฀e฀d  
฀c฀o฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀s฀4฀7-4฀9฀ ฀a฀n d  ฀e฀l฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀i฀r฀ ฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ 
฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀e฀n฀e฀r฀g฀y฀.฀ ฀T฀h฀e฀n฀,฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀i฀o฀n฀ ฀p฀a฀i฀r฀ ฀g฀e฀o฀m e t r i฀e฀s฀ ฀o฀f฀ 
฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀w฀e฀r฀e฀ ฀s฀t฀u฀d฀i฀e฀d฀ ฀b฀y฀ ฀p฀l฀a฀c฀i฀n฀g฀ ฀t฀h฀e฀ ฀a฀ni฀o n฀ ฀a฀n฀d  ฀c a t฀i฀o฀n฀ ฀i฀n฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀a฀d฀j฀a฀c฀e฀n฀t฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀s฀ ฀t฀o฀ ฀f฀o฀r฀m฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀i฀n฀i฀t i฀a฀l฀ 
฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀r฀e฀f฀e฀r฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀l฀e฀c฀t฀r฀o฀s฀t฀a฀t฀i฀c฀ ฀d฀i฀st r i฀b u t฀i฀o฀n฀ ฀o฀f฀ 
฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀a฀n฀d฀ ฀o฀p฀t฀i฀m฀i฀z฀i฀n฀g  
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀T฀h฀e฀ ฀g฀e฀o฀m฀e฀t฀r฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀s฀t฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀e฀n r g฀y฀ ฀w฀a฀s฀ 
฀c฀h฀o฀s฀e฀n฀ ฀a฀s฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀u฀m฀ ฀c฀o฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀e฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l  
฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀n฀d฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀w฀e฀r฀e฀ ฀o฀p฀t฀i฀m i฀z฀e d  t฀h r฀o฀u g h  
฀s฀i฀m฀i฀l฀a฀r฀ ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀s฀ ฀o฀f฀ ฀i฀o฀n฀ ฀p฀a฀i฀r฀s฀ ฀t฀o฀ ฀o฀b฀t฀a฀i฀n฀ ฀t฀h฀e฀ ฀g฀l฀o฀b฀a฀l฀ o p t i฀m u m .  
฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀ ฀w฀a฀s฀ ฀c฀h฀o฀s฀e฀n฀ ฀a฀s฀ ฀a฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀a฀t i v e  f฀o r฀ ฀b฀r฀i฀e฀f  
฀d฀e฀s฀c฀r฀i฀p฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀i฀a฀s฀t฀e฀r฀eo m฀e฀r฀i c  
฀c฀o฀m฀p฀l฀e฀x฀ ฀f฀o฀r฀m฀e฀d฀ ฀b฀y฀ ฀[฀B฀m฀i฀m] [฀L฀- t฀r฀p฀]  ฀a฀n d฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀o฀r฀ ฀R฀-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀t฀ ฀B฀3฀L฀Y฀P฀/฀6฀-฀3฀1฀+฀+฀G฀(฀d฀,฀p฀)฀ ฀l฀e฀v฀e฀l฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n  F i g u r e  ฀5฀.฀ I t  
฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀b฀i฀n฀d฀i฀n฀g฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t w฀o  ฀c฀o m p฀l e x฀e฀s฀ 
฀a฀r฀e฀ ฀b฀o฀t฀h฀ ฀a฀f฀f฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀C฀-฀H฀…฀O฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀,฀ ฀d฀i฀s฀t฀a฀n฀c฀e฀s฀ ฀of  ฀w h฀i฀c h a฀r e฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀1฀.฀5฀ ฀Å฀ ฀a฀n฀d฀ ฀3฀.฀0฀ ฀Å฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀r฀e฀c฀o฀g฀n i฀t฀i฀o฀n฀ 
฀a฀b฀i฀l฀i฀t฀y฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀a฀n฀d฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀io฀m e฀r s  a฀r e฀ 
฀m฀a฀i฀n฀l฀y฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀h฀y฀d฀r฀o฀g฀e฀n฀-฀b฀o฀n฀d฀i฀n฀g฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀.฀ ฀B฀e฀c฀au฀s e  t h e  
฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀h฀y฀d฀r฀o฀g฀e฀n฀ ฀b฀o฀n฀d฀s฀ ฀i฀s฀ ฀t฀h฀r฀e฀e฀ ฀i฀n฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀-฀[฀B฀m i฀m ] [ L - r฀p ]฀ 
฀c฀o฀m฀p฀l฀e฀x฀i฀o฀n฀ ฀a฀n฀d฀ ฀t฀w฀o฀ ฀i฀n฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀-฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀c฀o฀m฀p฀l฀e฀x฀i฀o฀n฀,฀ 
฀t฀h฀e฀ ฀f฀o฀r฀m฀e฀r฀ ฀c฀o฀m฀p฀l฀e฀x฀i฀o฀n฀ ฀i฀s฀ ฀m฀o฀r฀e฀ ฀s฀t฀a฀b฀l฀e฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀l฀a฀t฀t฀e฀r฀. 
S฀u฀b฀s฀e฀q u e n t l฀y ,฀ ฀t h e  c o m฀p฀l e฀x฀a฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀y฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀h฀i฀r฀a฀l฀ i o n i c  
฀l฀i q u i฀d s฀ ฀a฀n฀d฀ ฀f l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀w฀e฀r฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d ฀b y฀ ฀G a u s s i a n  
1฀6  a n฀d฀ ฀c฀o฀r฀r฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀b a s i฀s  s฀e฀t฀ ฀s฀u฀p฀e฀r฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀e฀r฀r฀o฀r฀s฀ ( B S S฀E฀)฀ ฀a฀n฀d฀ 
฀z฀e r฀o฀- p o i n t  ฀e n e r g฀i฀e฀s฀ ฀(฀Z฀P฀E )฀.฀ ฀T฀h฀e฀ ฀c฀o฀m฀p฀l฀e฀x฀a฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀i฀e฀s d i f f e r฀e฀n฀c฀e฀ 
฀(฀(฀)฀ ฀o f  t฀h฀e฀ ฀t w฀o฀ ฀o p t i฀m i฀z฀a฀t฀i o n  g e฀o฀m฀e฀t฀r฀y฀ ฀w฀a฀s฀ ฀a฀l฀s฀o฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀ed฀.฀ ฀T฀h฀e฀ 
฀a฀n฀a฀l฀o฀g฀o฀u฀s  ฀s฀i m฀u฀l a t i฀o฀n฀ n d฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀s฀ ฀o฀f฀ ฀t฀hr฀e฀e ฀o t฀h฀e r฀ 
x t r a c t฀i฀o฀n฀ ฀s y s t฀e m฀s฀ ฀c o n฀t฀a฀i n฀i฀n฀g฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c l฀i฀q฀u i d฀s฀ ฀w฀e฀r฀e  
a l s o  i n v e s t i g a t e d a n d  t h฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀1฀,฀ ฀w฀h฀e r฀e฀ ฀(5฀ 
a n d  ฀(6  r฀e p฀r฀e฀s฀e฀n t  f฀o r฀ t฀h฀e฀ c฀o m p฀l฀e฀x฀a฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀y฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀ni฀c฀ 
l i q u i d  w i t฀h  R - f l u r b i p r o f฀e n฀ ฀a฀n฀d฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀r฀e฀s฀p฀e c t฀i฀v฀e฀l฀y .  ฀(  
฀r฀e฀p r฀e s฀e฀n฀t฀s฀ ฀f฀o฀r฀ ฀t฀h฀e  e n e฀r฀g฀y฀ d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀w฀h฀i฀c฀h฀ ฀w฀a฀s฀ ฀c฀a฀l฀cu l฀a t฀e฀d฀ ฀b y฀ 
฀s u฀b r a c t i฀n g  ฀(5  f฀r o฀m(6 .฀ ฀I t  c a n฀ b e฀ s e฀e฀n฀ ฀f฀r฀o฀m฀ ฀T฀a฀b฀l฀e฀ ฀1฀.฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ 
฀c m฀p l฀e x฀a฀t i o n  ฀e n e r฀g฀y฀ ฀o฀f฀ R฀- f l u r b i฀p฀r฀o฀f฀e฀n฀-฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀i฀s l a r฀g e฀r฀ t h a฀n฀ 
t h a t  o f฀ S -฀f l฀u฀r฀b฀i฀p฀r฀o฀f e n฀-฀[ B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀,฀ ฀r฀e฀v฀e฀a฀l฀i฀n฀g฀ ฀t฀h฀a฀t฀ t h e r e  ฀e฀x฀i฀s฀t฀s฀ 
฀s฀t฀r฀o฀n฀g฀e r฀ ฀i฀n฀t e฀r a฀c฀t i o n b e t w e e฀n฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r p ] .  ฀T฀h e  
a n฀a฀l o฀g฀o฀u฀s฀ ฀t฀e฀n฀d e n฀t i o u s n s s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀l฀s฀o฀ ฀f฀o฀u฀n฀d฀ ฀i฀n฀ ฀[฀B฀M฀I฀M฀][ L -฀g l฀u฀]฀ 
฀a฀n฀d฀ [ B M I M฀]฀[฀L฀- p h฀e฀]฀ x t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀,฀ ฀w฀h฀i฀l฀e฀ ฀[฀B฀M฀I฀M฀]฀[฀L฀-฀s฀e฀r฀]  s y s t e m  
e x h i b i t s  ฀a฀ ฀w฀e฀a฀k฀ o฀p฀p฀o฀s฀i฀t฀e฀ ฀d฀i฀s฀p฀a฀r฀i฀t฀y฀.฀ ฀฀( p r฀e฀s e n t s฀ t h฀e฀ ฀d฀i s c r e฀p฀a n฀c฀i฀e฀s฀ 
o f฀ ฀i n฀t฀e฀r฀a c t i฀o฀n  e n฀e฀r฀g฀y฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀w฀o฀ ฀d฀i฀a฀s฀t฀e฀r฀e฀o฀m฀e฀r฀s฀ ฀f฀o฀rm e d  b y  
f l u r b i฀p r o f฀e฀n฀ e n฀a฀n฀t฀i o฀m e r฀s฀ ฀a฀n฀d฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀.฀ ฀T฀h  l a r฀g฀e฀r฀ 
฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀v a l฀u฀e ฀o฀f฀ ฀( ฀o฀f฀t฀e฀n฀ ฀c฀o r r e s p o n d s฀ ฀t฀o฀ ฀h฀i฀g฀h฀e฀r฀ ฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ 
r e f e r r i฀n g  t฀o  ฀o฀u r  p r฀e฀v฀i฀o฀u s  ฀w฀o฀r฀k฀.฀ ฀S฀o฀ ฀w฀e฀ ฀g฀u฀e฀s฀s฀ ฀t฀h฀a฀t฀ ฀t฀he  [ B m฀i m฀]฀[ L฀- t r p ]  
฀w i฀t฀h฀ ฀l฀a฀r฀g฀e฀r฀ ฀( i s t h e  b e฀t฀t e r฀ e x t r฀a฀c฀t฀a฀n฀t฀ ฀a฀n฀d฀ ฀f฀o฀c฀u฀s฀ ฀o฀n฀ ฀i฀t฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ 
฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i o฀n฀ ฀e฀x฀p฀e฀r฀i฀m e n฀t฀s฀. 
฀  ฀  ฀ ฀  
),*85(฀ ฀ ฀O฀p฀t฀i฀m฀a฀z฀e฀d฀ ฀g฀e฀o฀m฀e฀t฀r฀i฀e฀s฀ ฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀-฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀] a n฀d  R฀-฀f฀l u฀r฀b฀i p฀r฀o฀f฀e฀n฀-฀[฀B฀m฀i m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀a฀t฀ ฀B฀3฀L฀Y฀P฀/฀6฀-฀3฀1฀+฀+฀G฀(฀d฀,฀p)฀ l e฀v e฀l฀. 
 
7$%/(฀B฀S฀S฀E฀ ฀a฀n฀d฀ ฀Z฀P฀E฀ ฀c฀o฀r฀r฀e฀c฀t฀e฀d฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀i฀e฀s฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀o฀n฀ 
฀B฀3฀L฀Y฀P฀/฀6฀–฀3฀1฀+฀+฀G฀(฀d฀,฀p฀)฀ ฀l฀e฀v฀e฀l฀. 
chiral ionic liquid ᇞER  ᇞES  ᇞE  
(kcal·mol-1) (kcal·mol-1) (kcal·mol-1) 
[BMIM][L-trp] -23.82 -20.9 2.92 
[BMIM][L-glu] -26.23 -24.6 1.63 
[BMIM][L-ser] -30.08 -31.3 -1.22 
[BMIM][L-phe] -23.55 -20.84 2.71 
 
6FUHHQLQJRIFKLUDOLRQLFOLTXLGV 
฀T฀h฀e฀ ฀1฀-฀b฀u฀t฀y฀l฀-฀3฀-฀m฀e฀t฀h฀y฀l฀i฀m฀i฀d฀a฀z฀o฀l฀e฀ ฀w฀a฀s฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀c฀a฀ti฀o฀n฀ ฀o฀f฀ 
฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀a฀n฀i฀o฀n฀ ฀w฀a฀s฀ f u r t฀h e r  ฀s t u d i e d  
฀b฀y฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀s฀ ฀t฀o฀ ฀v฀e฀r฀i฀f฀y฀ ฀t฀h฀e฀ ฀q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀st r y  
฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀.฀ ฀F฀o฀u฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀k฀i฀n฀d฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l a n฀i n s  i n c฀l฀u฀d฀i฀n฀g฀ 
฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀,฀ ฀g฀l฀u฀t฀a฀m฀i฀c฀,฀ ฀p฀h฀e฀n฀y฀l฀a฀l฀a฀n฀i฀n฀e฀ ฀a฀n฀d฀ ฀s฀e฀r฀i฀n฀e฀ ฀d฀e฀t฀e฀r฀m i฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀s฀e฀c฀t฀i฀o฀n฀ ฀w฀e฀r฀e฀ ฀u฀s฀e฀d฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n  ฀i฀n฀ ฀T฀a฀b฀l฀e฀ 
฀2฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀[฀B฀M฀I฀M฀]฀[฀L฀-฀g฀l฀u฀]฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀s฀y฀st e m฀s฀ ฀h฀a฀v e  ฀l o฀w฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀t฀y฀ ฀u฀n฀d฀e฀r฀ ฀1฀.฀0฀5฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀’฀t฀ ฀m฀e฀e฀t฀ ฀t฀h฀e฀ ฀pr a c t i฀c฀a฀l฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀r฀e฀q฀u฀i฀r฀e฀m฀e฀n฀t฀s฀.฀ ฀T฀h฀e฀ ฀l฀o฀w฀e฀r฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀t฀i e s฀ o฀f฀ t h e m฀ 
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀v฀a฀l฀u฀e฀ ฀o฀f฀ ฀฀(  i n  t฀h฀e฀ ฀q฀u฀a n t u m฀ ฀c฀h฀e฀m i s฀t฀r฀y฀ 
฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀,฀ ฀r฀e฀f฀e฀r฀r฀i฀n฀g฀ ฀t฀o฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀w฀o฀r฀k฀.฀3฀0฀,฀5฀0฀ ฀W h e฀n฀ ฀[฀B฀M I฀M ][ L- s e r ]  
฀w฀a฀s฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀,฀ ฀a฀n฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t y  
฀w฀a฀s฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀i฀t฀s฀ ฀฀(5฀ >  ฀(6฀ ฀a฀n฀d฀ ฀( <  ฀0฀.  
฀D฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀o฀f฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀d฀e฀f฀i฀n฀i฀t฀e฀l฀y฀ l o฀w฀e r฀ ฀t฀h฀a฀n  ฀t฀h฀a t฀ 
฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀i฀n฀c฀l฀u฀d฀i฀ng  [ B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ 
฀o฀r฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀p฀h฀e฀]฀ ฀a฀s฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m o l e฀c฀u฀l฀a฀r  
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀a฀n฀d฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i s  h i฀g h e r  
฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀c฀c฀o฀r฀d฀s฀ ฀w฀i฀t฀h฀ ฀t฀h฀e ฀q฀u฀a฀n฀t฀u฀m  
฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀.฀ ฀T฀h฀e฀ ฀t฀w฀o฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀h฀a฀v฀e฀ ฀h฀i฀g฀h฀e฀r฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀w฀e฀l฀l฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀nt ,฀ ฀p฀r฀o฀b฀a฀b l y  d u e฀ ฀t o  
฀t฀h฀e฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀a฀r฀o฀m฀a฀t฀i฀c฀ ฀r฀i฀n฀g฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀i฀n฀ ฀a฀m฀i฀n฀o฀ ฀a฀c฀i฀d฀ ฀a฀n฀i฀o฀n฀,฀ 
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀ ฀฀(฀ ฀i฀n฀ ฀s฀i฀m฀u฀l a t i o n฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀.฀ 
฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀s฀y฀s฀t฀e฀m฀ ฀is  ฀s฀l i g฀h฀t l y  
฀b฀e฀t฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀p฀h฀e฀]฀.฀ ฀T฀h฀u฀s฀,฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀w฀a฀s฀ 
฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m  o f  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀.฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀e฀n฀e฀r฀g฀i฀e฀s d i f f e r฀e฀n฀c e ( ฀( )  
฀o฀f฀ ฀d฀i฀a฀s฀t฀e฀r฀e฀o฀m฀e฀r฀s฀ ฀p฀a฀i฀r฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀w฀a฀s฀ ฀d฀i฀s฀p l฀a฀y฀e฀d฀ ฀i฀n฀ 
฀F฀i฀g฀u฀r฀e฀ ฀6฀.฀ ฀A฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀ ฀c฀o฀r฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀d฀i฀f฀f฀e฀re฀n฀c฀e s  o฀f  
฀c฀o฀m฀p฀l฀e฀x฀a฀t฀i฀o฀n฀ ฀e฀n฀e฀r฀g฀y฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀i฀e฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n d ,  
฀s฀i฀m฀i฀l฀a฀r฀ ฀w฀i฀t฀h฀ ฀o฀u฀r฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀s฀t฀u฀d฀i฀e฀s฀,฀3฀0฀ ฀w฀h฀i฀c฀h฀ ฀r฀e฀v฀e฀a฀l฀s฀ ฀t฀h฀e฀ ฀g฀u฀i฀d฀a฀n฀c฀e฀ 
฀m฀e฀a฀n฀i฀n฀g฀ ฀o฀f฀ ฀q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀s฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ c฀h฀i฀r฀a฀l  
฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀. 
 
7$%/(฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀C฀I฀L฀s฀ ฀o฀n฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀ef f i c i t  a฀n d  
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀a 
chiral ionic liquids kR kS Į 
[BMIM][L-trp] 20.69 25.11 1.213 
[BMIM][L-glu] 20.46 22.05 1.077 
[BMIM][L-ser] 18.80 18.52 0.985 
[BMIM][L-phe] 20.23 23.85 1.180 
a .฀ t฀h e  c o n฀c฀e n฀t฀r฀a฀t฀i o฀n฀ o฀f  ฀C฀I฀L฀s฀ ฀i฀s฀ ฀0฀.฀0฀2฀ ฀m฀o฀lā฀L฀-฀1,  t h฀e  ฀c o฀n c e n t r a t฀i฀o฀n฀ ฀o฀f  
f฀l฀u฀r฀b฀i p r o e n฀ ฀i฀s฀ 0 .฀2฀ ฀m฀m฀o฀lā฀L฀-฀1฀,฀t฀h฀e  o r฀g a n฀i฀c฀ s o฀l฀v฀e฀n t  ฀i s฀ ฀1฀,฀2฀-฀d฀i฀c฀h฀l฀o฀r฀o฀e฀t฀h฀a฀n฀e฀,฀ 
฀p฀H  =  2฀.฀0฀, ฀2฀5฀ ഒ. 
 
 
),*85(฀ ฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀฀(
฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀a฀t฀ ฀B฀3฀L฀Y฀P฀/฀6฀-฀3฀1฀+฀+฀G฀(฀d฀,฀p฀)฀ ฀l฀e฀v฀e฀l 
 
,QIOXHQFHRIRUJDQLFVROYHQWV 
฀S e฀v฀e฀r฀a฀l฀ ฀s฀o฀l฀v฀e฀n฀t฀s฀ ฀c฀o฀m฀m฀o฀n฀l฀y฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r o c e฀s฀s฀ 
w e r e฀ e฀m฀p฀l฀o฀y฀e฀d฀ ฀i n฀ ฀t฀h฀i฀s฀ w฀o฀r฀k฀ a n฀d฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀d฀i฀f฀f฀e r e n t  s฀o฀l฀v฀e฀n฀t฀s฀ 
o n฀ ฀t h฀e฀ ฀d฀i฀s฀t฀r฀i b u t฀i฀o฀n  b฀e h฀a v i฀o r฀ o f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀rs฀ w a฀s฀ 
฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀w i฀t฀h฀ 0฀.฀0฀2฀ ฀m o lā L฀- 1 [ B m i฀m ] [ L - T r p ]  ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀t฀ 
฀p฀H฀ ฀2฀.฀0฀,฀ ฀2฀5฀ ഒ฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀3฀.฀ ฀T฀h฀e฀r฀e฀ ฀i฀s฀ ฀a฀l฀m฀o฀s฀t฀ ฀n฀o฀ 
e n a n t฀i o฀s฀e฀l฀e฀c฀t฀i v฀i฀t y฀ ฀w฀h฀e฀n฀ ฀n฀-฀h฀e฀x฀a฀n฀e฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀s฀o฀l฀v฀e฀n฀t,  a n d  ฀t h e  
฀d฀i s฀t฀r฀i b u t฀i฀o฀n฀ ฀c฀o฀e฀f f i฀c฀i฀e฀n฀t฀ ฀i฀s฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀l฀y฀ ฀l฀o฀w฀.฀ ฀W฀h฀e฀n฀ ฀d฀i฀c h l฀o฀r o m e t h฀a฀n฀e฀ i฀s฀ 
฀u฀s฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀o฀r฀g a n฀i c  s o l฀v฀e฀n฀t฀,฀ ฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀o f  f l฀u฀r b i฀p r o f e n  
e n฀a n t฀i o m e r s  ฀i฀s฀ ฀1฀.฀2฀1฀,฀ ฀b฀u฀t฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀r฀e฀a฀c฀h  u p  t o  
฀a r o u n฀d฀ 4 0฀,  w h i฀c h  ฀i฀s฀ ฀t o o฀ l฀a฀r฀g฀e฀ ฀t฀o฀ ฀e฀x฀t฀r฀a฀c฀t฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ 
฀d฀i฀c฀h฀l฀o฀r฀o฀m฀e฀t฀h฀a฀n฀e฀ ฀m฀a฀y฀ ฀b฀e฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀ ฀i฀n t฀h฀e  
฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀t฀e฀p฀.฀ ฀T฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀[฀B฀m฀i฀m ]฀[฀L- T r p฀]  ฀c฀a n  
฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀d฀i฀s฀s฀o฀l฀v฀e฀ ฀i฀n฀ ฀n฀-฀d฀e฀c฀a฀n฀o฀l฀ ฀a฀n฀d฀ ฀n฀-฀o฀c฀t฀a฀n฀o฀l฀,฀ ฀w฀h฀i฀c฀h c a u s e s  t฀h e  
฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀b฀o฀t h฀ ฀e฀n฀a฀n t฀i฀o฀m e r฀s  
฀a฀n฀d฀ ฀a฀n฀ ฀u฀n฀s฀a฀t฀i฀s฀f฀a฀c฀t฀o฀r฀y฀ ฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀.฀ ฀W฀i฀t฀h฀ ฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀v฀e  
฀c฀o฀n฀s฀i฀d฀e฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀fi c i฀e n t ,  ฀1฀, 2 -
฀d฀i฀c฀h฀l฀o฀r฀o฀e฀t฀h฀a฀n฀e฀ ฀i฀s฀ ฀a฀n฀ ฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀ ฀w฀h฀i฀c฀h฀ ฀s฀h฀o฀w s  
฀h฀i฀g฀h฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀p฀r฀o฀p฀e฀r฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀ef f i฀c฀i e n t฀,  
฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀l฀l฀ ฀o฀t฀h฀e฀r฀ ฀h฀y฀d฀r฀o฀p฀h฀o฀b฀i฀c฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀s฀ ฀u฀s฀e d  ฀i฀n฀ ฀t฀h฀e  
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀. 
 
7$%/(  ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀s฀o฀l฀v฀e฀n฀t฀s฀ ฀o฀n฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀a฀n฀d฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀a 
solvents kR kS Į 
dichloroethane 20.03 24.09 1.203 
n-hexane 1.152 1.168 1.013 
n-decanol 15.48 16.89 1.091 
dichloromethane 36.06 42.11 1.167 
n-octanol 10.52 10.87 1.033 
฀a฀.฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀i฀s฀ ฀0฀.฀0฀2฀ ฀m฀o฀lā฀L฀-฀1,฀ ฀t฀h฀e  c o฀n c฀e n t r a t฀i฀o฀n  
฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā฀L฀-฀1฀,  p H฀ ฀=฀ ฀2฀.฀0฀,฀ ฀2 5  ഒ .   
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฀p฀H฀ ฀i฀s฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀f฀a฀c฀t฀o฀r฀ ฀t฀h฀a฀t฀ ฀a฀f฀f฀e฀c฀t฀s฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀e฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ 
฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀t฀o฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀n฀ ฀t฀h฀e฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀s฀ ฀i฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀T฀h฀e฀ ฀d฀i฀st r฀i฀b฀u฀t i o n  
฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a n t i฀o m e r s฀ 
฀w฀e฀r฀e฀ ฀s฀t฀u฀d฀i฀e฀d฀ ฀i฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀ ฀w฀i฀t฀h฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e o n฀t฀a฀i n฀i n g฀ 
฀0฀.฀3฀ ฀m฀olā L฀-฀1฀ ฀p฀h฀o฀s฀p฀h฀a฀t฀e฀ ฀s฀a฀l฀t฀ ฀b฀u฀f฀f฀e฀r฀s฀ ฀w฀i฀t฀h฀ ฀p฀H฀ ฀r฀a฀n฀g฀i฀n฀g฀ ฀f฀r฀o฀m฀ ฀2฀ ฀t฀o฀ ฀8฀. 
฀O฀b฀v฀i฀o฀u฀s฀l฀y฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀f฀r฀o฀m฀ ฀F฀i฀g฀u฀r฀e฀ ฀7฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r i b u t฀i฀o n  
฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀b฀o฀t฀h฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v i t฀y฀ ฀w e฀r e  
฀s฀t฀r฀o฀n฀g฀l฀y฀ ฀a฀f฀f฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀p฀H฀ ฀a฀n฀d฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀d  ฀w i฀t฀h฀ 
฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀p฀H฀ ฀s฀h฀a฀r฀p฀l฀y฀.฀  
฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀a฀ ฀w฀e฀a฀k฀ ฀a฀c฀i฀d฀ ฀d฀r฀u฀g฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀p฀K a  o f  4 . 2 4 ,฀ 
฀a฀ ฀l฀a฀r฀g฀e฀ ฀a฀m฀o฀u฀n฀t฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀c฀h฀a฀n฀g฀e฀d฀ ฀i฀n฀t฀o f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ 
฀i฀o฀n฀s฀ ฀a฀s฀ ฀t฀h฀e฀ ฀p฀H฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀u฀s฀e฀d฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f  ฀t฀h฀e  
฀s฀o฀l฀u฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t  
฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l  i o n฀i฀c฀ 
฀l฀i฀q฀u฀i฀d฀s฀ ฀h฀a฀v฀e฀ ฀s฀t฀r฀o฀n฀g฀e฀r฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀f l u฀r b฀i p฀r o f e฀n฀ 
฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀o฀n฀s฀.฀ ฀T฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀ ฀b฀et฀w e  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀d฀ ฀a฀s฀ ฀p฀H฀ 
฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀,฀ ฀r฀e฀s฀u฀l฀t฀i฀n฀g฀ ฀i฀n฀ ฀a฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀f฀a฀c฀t o r .฀ 
฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀k฀e฀p฀t฀ ฀a฀t฀ ฀l฀o w e r  p H฀.  
฀D฀u฀r฀i฀n฀g฀ ฀t฀h฀i฀s฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀,฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀p฀H฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h a s฀e฀ w฀a฀s฀ 
฀f฀i฀x฀e฀d฀ ฀o฀n฀ ฀2฀.฀0฀. 
 
),*85(฀ ฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀p฀H฀ ฀o฀n฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀an d  e n a n t i o s฀e฀l e฀c฀t฀i v i฀t฀y฀.฀ ฀T h e฀ c o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L- T฀r p ]  i s  0 . 0฀2฀ ฀m o lā฀L฀-฀1,  t฀h฀e฀ 
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1,  2฀5฀ ഒ . 
 
,QIOXHQFHRI>%PLP@>/7US@FRQFHQWUDWLRQ ฀T฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀- T r p ]฀ ฀o฀n
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀o฀f฀ ฀f฀l฀u฀r b฀i p฀r o f e n  w a s  
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀a฀t฀ ฀p฀H฀ ฀2฀.฀0฀,฀ ฀2฀5฀ ഒ฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀s฀u l฀t฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀8฀.฀ 
฀T฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀b฀o฀t฀h฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀o฀bv i o u฀s฀l y฀ 
฀d฀e฀c฀r฀e฀a฀s฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m i฀m ]฀[฀L฀-฀T฀r p ] ,฀ 
฀b฀e฀c฀a฀u฀s฀e฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀e฀r฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀l฀e฀a฀d฀s฀ ฀t฀o฀ m฀o฀r฀e  
฀g฀u฀e฀s฀t฀-฀h฀o฀s฀t฀ ฀c฀o฀m฀p฀o฀u฀n฀d฀s฀ ฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀a฀n฀d฀ 
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀u฀s฀e฀ ฀h฀i฀g฀h฀e฀r฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i o n฀ o฀f  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀.฀ N6  i฀s฀ ฀g฀r฀e฀a฀t฀e฀r  t n  N5  i n  t h e  ฀w h o l฀e฀ 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀r฀a฀n฀g฀e฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e  i฀n t e r฀a c t฀i฀o฀n฀ 
฀s฀t฀r฀e฀n฀g฀t฀h฀ ฀o฀f฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀a฀l฀w฀a฀y฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ o f฀ ฀S  
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀a฀l฀s฀o฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i t y  i n c r e a s e d  
w฀i฀t h฀ ฀t h e  c฀o฀n฀c฀e n t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀i฀n฀ ฀l฀o฀w฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ 
c o n c e n t฀r฀a฀t฀i฀o฀n  r g e฀ ฀a n d฀ ฀r e a฀c฀h฀ ฀t฀h฀e฀ ฀t฀o฀p฀ ฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀nt r a t฀i฀o฀n฀ ฀o฀f฀ 
[฀B m฀i฀m ]฀[ L -฀T฀r฀p฀]฀ 0 . 0฀2฀ ฀m฀o฀lā L฀-฀1.  W i฀t฀h฀ ฀t฀h฀e  f฀u r฀t฀h฀e฀r฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-
฀T r p ]฀ c o n c฀e฀n฀t฀r a t฀i฀o n ,  t h e  ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀s฀h฀o฀w฀s฀ ฀a฀n o p฀p o s i t฀e  
฀t฀e฀n฀d฀e฀n฀c฀y฀,฀ ฀w฀h฀i c h  c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p l฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀e฀n฀h฀a฀n฀c฀e฀d฀ ฀n฀o฀n - s฀e฀l฀e฀c฀t i v e฀ 
r e฀c฀o g n i t฀i฀o฀n฀ ฀i฀n฀t a t฀i฀o฀n฀s฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀a฀n฀d฀ ฀f฀lu r b i p฀r o f e n .฀ 
B e s i d฀e฀s฀,฀ ฀i฀t฀ ฀i฀s฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀ra l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i q฀u฀i d s  
u s e d  ฀i s฀ ฀m u c h฀ l e s฀s฀ t h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀s  ฀s฀u฀c฀h฀ ฀a s  
t฀a฀r฀t฀a฀r i c  ฀e฀s฀t฀e฀r  a n d  ȕ฀-฀c฀y฀c฀l o d e฀x฀t฀r฀i฀n฀ ฀d฀e฀r฀i฀v฀a฀t฀i฀v฀e฀s฀ ฀w฀h฀i฀c฀h c o฀u฀l d฀ c o n b u฀t  
t o  t฀h฀e฀ ฀c฀o฀s t  ฀r฀e฀d฀u฀c t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀i฀n฀d฀u฀s฀t฀r฀i฀a฀l฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n. 
 
),*85(฀ ฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀o฀n฀ ฀d฀i฀s฀t฀r i b u฀t i o฀n฀ c฀o฀e฀f฀f฀i c฀i฀e฀n฀t฀s฀ ฀a฀n d  e n a n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀.฀ ฀T฀h฀e฀ ฀c o฀n฀c e ฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ f u r b i p r o฀f฀e฀n฀ ฀i฀s฀ 
฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1฀,฀ p H฀ ฀=฀ ฀2฀.฀0฀,฀ ฀2฀5฀ ഒ . 
 
,QIOXHQFHRIIOXUELSURIHQFRQFHQWUDWLRQ 
฀T฀h฀e฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀r฀a฀c฀e฀m฀a฀t฀e฀s฀ h s  ฀e฀f f e c t  o฀n฀ 
฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀f฀o฀r฀m฀e฀d฀ ฀b฀y฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀or  a n d  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀a฀f฀f฀e฀c฀t฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r o฀c฀e฀s฀s฀.฀ 
฀F฀i฀g฀u฀r฀e฀ ฀9฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ c o n฀c฀e฀n฀t r a t i o n฀ 
฀o฀n฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ a฀t฀ t฀h e
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀r฀a฀n฀g฀i฀n฀g฀ ฀f฀r฀o฀m฀ ฀0฀.฀0฀8฀ ฀t฀o฀ ฀0฀.฀4฀ ฀m฀m฀o฀lā L฀-฀1฀ ฀(฀f฀r฀o฀m  2฀0฀ ฀t฀o฀ ฀1฀0 0  
ȝ฀gā฀m฀L฀-฀1฀)฀.฀ ฀C฀l฀e฀a฀r฀ ฀t฀e฀n฀d฀e฀n฀c฀i฀e฀s฀ ฀w฀e฀r฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀F฀i฀g฀u฀r฀e฀ ฀9฀ ฀t฀h฀a฀t ฀t฀h฀e฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c e n฀t฀r a t i o n  ฀a฀n d฀ 
฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀f฀o฀l฀l฀o฀w฀e฀d฀ ฀t฀h฀e฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀.฀  
฀T฀h฀e฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀p฀h฀e฀n฀o฀m฀e฀n฀o฀n฀ ฀w฀e฀r฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀b฀y฀ ฀T฀a฀n฀g฀ ฀w฀h฀e฀n฀ 
฀h฀y฀d฀r฀o฀p฀h฀i฀l฀i฀c฀-฀c฀y฀c฀l฀o฀d฀e฀x฀t฀r฀i฀n฀ ฀d฀e฀r฀i฀v฀a฀t฀i฀v฀e฀ ฀w฀a฀s฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀t฀h฀e ฀a q u฀e฀o u s  
฀p฀h฀a฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀s฀.฀3฀4 T h฀a฀t  c a n฀ b฀e฀ ฀e฀x฀p฀l฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀h฀a฀t฀ ฀a฀l฀o฀n฀g฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ 
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀,฀ ฀l฀a฀r฀g฀e฀r฀ ฀a฀m฀o฀u฀n฀t฀s฀ ฀o฀f f฀l฀u฀r฀b฀i p฀r฀o฀f฀e฀n฀ 
฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀a฀r฀e฀ ฀d฀i฀r฀e฀c฀t฀l฀y฀ ฀e฀x฀t฀r฀a฀c฀t฀e฀d฀ ฀i฀n฀t฀o฀ ฀t฀h฀e฀ o r g a฀n฀i฀c฀ 
฀p฀h฀a฀s฀e฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀b฀e฀i฀n฀g฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀d฀r฀u฀g฀s฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀a฀c฀t฀u฀a฀l฀l฀y  
฀i฀n฀t฀e฀r฀a฀c฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀i฀s฀ ฀l i m฀i฀t e d฀,  d฀u฀e฀ 
฀t฀o฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀r฀ ฀s฀o฀l฀u฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ p฀h a s e .  T h฀e฀ 
฀g฀r฀a฀d฀u฀a฀l฀l฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀m฀o฀l฀e฀c฀u฀l฀e฀s฀ ฀i฀n฀ ฀o฀r g a฀n฀i c  p฀h฀a฀s฀e฀ 
฀c฀a฀u฀s฀e฀s฀ ฀t฀h฀e฀ ฀r฀i฀s฀e฀ ฀o฀f฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀x฀i฀s t฀e฀n c e  o f  
฀m฀o฀r฀e฀ ฀n฀o฀n฀-฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀l฀e฀a฀d฀s฀ ฀t฀o฀ ฀t฀h฀e฀ ฀d฀e฀c฀l฀i฀n฀e฀ ฀o฀f  
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀.฀ ฀S฀o฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀r฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀b฀e฀n฀e฀f฀i c i a฀l  
฀f฀o฀r฀ ฀h฀i฀g฀h฀e฀r฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1 i฀s฀ s e l e c t e฀d฀ ฀a฀s฀ ฀t h e฀ 
s u i t฀a฀b฀l฀e฀ ฀c฀o n c฀e฀n฀t฀r฀a t i฀o฀n฀ i฀n฀ ฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀v฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀a฀t฀i฀o฀n฀ ฀o฀f  
x฀t฀r a c฀t฀i o n  ฀c฀a฀p฀a฀c฀i฀t฀y . 
 ),*85(฀ ฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀r a c฀e฀m a t e s  o n฀ ฀d฀i฀s t฀r฀i฀b u t i฀o฀n  c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n o s฀e฀l฀e฀c t฀i฀v฀i฀t฀y .  T h฀e฀ ฀c฀o฀n฀c e t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ 
฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀i฀s฀ ฀0฀.฀0฀2฀ ฀m฀o฀lā฀L฀-฀1,  p H฀ ฀=฀ ฀2฀.฀0฀,฀ ฀2 5 ഒ . 
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฀T฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀i฀s฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀f฀a฀c฀t฀o฀r฀ ฀i฀n฀ ฀t฀h฀e฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ e x t r a c t i o n  
฀p฀r฀o฀c฀e฀s฀s฀.฀ ฀I฀n฀ ฀g฀e฀n฀e฀r฀a฀l฀,฀ ฀l฀o฀w฀e฀r฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀i฀s฀ ฀p฀r฀e฀f฀e฀r฀r฀e฀d฀ t o฀ ฀o b t a i n  
฀b฀e฀t฀t฀e฀r฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀s฀e฀l฀e฀c฀t฀o r - e฀n฀a฀n฀t i o m฀e฀r  
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀e฀l฀e฀c฀t฀o r฀ f o r  
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀u฀s฀u฀a฀l฀l฀y฀ ฀w฀e฀a฀k฀e฀n฀ ฀a฀t฀ ฀a฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀.฀2฀8฀,฀2฀9฀,฀3฀4฀,฀5฀1 ฀T฀h฀e฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀c฀h฀i฀r฀a฀l฀ ฀d฀r฀u฀g฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀c฀h฀i r a฀l  
฀s฀e฀l฀e฀c฀t฀o฀r฀s฀,฀ ฀l฀i฀k฀e฀ ฀c฀y฀c฀l฀o฀d฀e฀x฀t฀r฀i฀n฀ ฀d฀e฀r฀i฀v฀a฀t฀i฀v฀e฀ ฀a฀n฀d฀ ฀t฀a฀r฀t฀a฀r฀ic  ฀a฀c฀i d  d฀e฀r฀i฀v a t i e ,  ฀ 
฀e฀x฀h฀i฀b฀i฀t฀e฀d฀ ฀a฀ ฀p฀o฀o฀r฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀,฀ ฀b฀e฀l฀o฀w฀ ฀1฀.฀1฀2฀,฀ ฀a฀t฀ r o฀o฀m฀ 
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀(฀2฀5฀ ฀˚฀C฀)฀.฀  
฀I฀n฀ ฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀,฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀o฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m  
฀w฀a฀s฀ ฀s฀t฀u฀d฀i฀e฀d฀ ฀f฀r฀o฀m฀ ฀5฀ ฀t฀o฀ ฀5฀5฀ ഒ฀ a฀t฀ ฀1฀0 ഒ  ฀i฀n฀t e r v฀a฀l฀ a p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀a฀n฀d฀ 
฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀w฀e฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀1฀0฀.฀ ฀W฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ 
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀,฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ ฀b฀o฀t฀h฀ ฀e฀n฀a฀n t i฀o฀m฀e฀r s  
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀g฀r฀a฀d฀u฀a฀l฀l฀y฀ ฀a฀n฀d฀ ฀r฀i฀s฀e฀ ฀s฀h฀a฀r฀p฀l฀y฀ ฀w฀h฀e฀n฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e i s  h i g h e r  
฀t฀h฀a฀n฀ ฀3฀5฀ ഒ  o w i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀n฀o฀n฀-฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀p฀h฀y฀s฀i฀c฀a฀l฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀. T h฀e฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀d฀e฀c฀l฀i฀n฀e฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s e฀ ฀o฀f฀ 
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀f฀r฀o฀m฀ ฀0฀ ฀t฀o฀ ฀2฀5฀ ഒ  a n฀d฀ ฀r e m฀a฀i฀n฀s฀ ฀1฀.฀2฀1฀ ฀a฀t฀ ฀2฀5฀ ഒ  b฀e c a u s e  
฀o฀f฀ ฀t฀h฀e฀ ฀o฀u฀t฀s฀t฀a฀n฀d฀i฀n฀g฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀Tp ]฀.฀ ฀W฀h e n฀ ฀t h e  
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀c฀o฀n฀t฀i฀n฀u฀e฀s฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀a฀b฀o฀v฀e฀ ฀3฀5฀ ഒ฀,฀ ฀a฀n฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀t฀o฀o฀ ฀l฀a฀r g e
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀l฀o฀w฀e฀r฀ ฀d฀r฀u฀g฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀ti o n s  i฀n  ฀a฀q฀u e฀o฀u s  
฀p฀h฀a฀s฀e฀ ฀w฀h฀i฀c฀h฀ ฀h฀a฀s฀ ฀a฀n฀ ฀a฀d฀v฀e฀r฀s฀e฀ ฀i฀m฀p฀a฀c฀t฀ ฀o฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ 
฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀n฀e฀a฀r฀ ฀r฀o฀o฀m฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀i฀s฀ 
฀i฀m฀p฀r฀o฀v฀e฀d฀ ฀b฀y฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀a฀n฀d฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀c฀o฀m฀p฀a฀re฀d  ฀w i t h  
t฀h a t  a฀t  f฀r฀i฀g฀i฀d฀ ฀t฀e฀m฀p฀e r฀a t u r e฀.฀ ฀T฀a฀k฀i฀n฀g฀ ฀i฀n฀t฀o฀ ฀a฀c฀c฀o฀u฀n฀t฀ ฀o฀f฀ ฀th e  e฀n฀e฀r฀g฀y฀ 
฀c฀o฀n฀s e฀r฀v฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀c฀o฀s฀t฀ ฀s฀a฀v฀i฀n฀g฀ ฀i฀n฀ ฀p฀r฀a฀c฀t฀i฀c฀a฀l฀ ฀i฀n฀d฀u฀s฀t฀r฀i฀al฀ ฀a฀p p l฀i฀c฀a฀t฀i฀o฀n฀,฀ ฀2฀5฀ ഒ฀ 
i s฀ ฀c฀o฀n฀s฀i฀d฀e฀r e฀d฀ ฀a s  a  s u i฀t฀a฀b฀l฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀.
 
),*85(฀ ฀ ฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀o฀n฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀ic i฀e฀n฀t s฀ a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s e l e c t i v฀i฀t฀y฀.฀ T฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f [ B m฀i m฀]฀[฀L - T r฀p ]  ฀i฀s฀ ฀0฀.฀0฀2฀ m฀o฀lā L฀-฀1,฀ ฀t h  
฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1,  p฀H฀ ฀=฀ ฀2฀.฀0฀. 
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฀T฀h฀e฀ ฀r฀e฀u฀s฀e฀ ฀o฀f฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀i฀s฀ ฀c฀r฀u฀c฀i฀a฀l฀ ฀f฀o฀r฀ ฀d฀e฀v฀e฀l฀o฀p฀i฀n฀g  a฀n฀ e฀c฀o฀n o m฀i c฀ 
฀a฀n฀d฀ ฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀a฀l฀l฀y฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ ฀In  t฀h i฀s฀ ฀w o r k ,  ฀a฀ 
฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀w฀a฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀t฀o฀ ฀r฀e฀c฀y฀c฀l฀e฀ ฀t฀h฀e฀ 
฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀b฀y฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀n฀g฀ ฀a฀n฀d฀ ฀r฀e฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀w฀h฀o฀l฀e฀ ฀a฀q฀ue o u฀s฀ ฀p฀h฀a฀s฀e฀ 
฀a฀f฀t฀e฀r฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀p฀u฀r฀i฀f i c a t i฀o฀n .฀ 
฀D฀i฀c฀h฀l฀o฀r฀o฀m฀e฀t฀h฀a฀n฀e฀ ฀w฀a฀s฀ ฀c฀h฀o฀s฀e฀n฀ ฀a฀s฀ ฀t฀h฀e฀ ฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀ ฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l v e n฀t
฀i฀n฀ ฀t฀h฀e฀ ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀h฀ig฀h฀e฀r฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀d฀i฀c฀h฀l฀o฀r฀o฀e฀t฀h฀a฀n฀e฀ a฀n฀d฀ 
฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀r฀a฀t฀e฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀u l฀t฀s฀ ฀o฀f฀ H฀P฀L฀C  
฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀s฀h฀o฀w฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀en฀ i n t฀h฀e฀ ฀a฀q฀u฀e o u s฀ 
฀p฀h฀a฀s฀e฀ ฀i฀s฀ ฀b฀e฀l฀o฀w฀ ฀0฀.฀3฀ ȝ฀gā฀m฀L฀-฀1 a฀f t฀e฀r฀ ฀t฀h฀e  ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀r฀a฀t฀e฀ ฀i฀s฀ ฀u฀p฀ ฀t฀o฀ ฀9฀8฀%฀.฀ ฀T฀h฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e  o f  t h e  
฀r฀e฀u฀s฀e฀d฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀t฀r฀p฀]฀ ฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀w฀i฀t฀h฀i฀n฀ 5฀ c y c l e s  i s  
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀1฀1฀.฀ ฀C฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀e฀x฀t฀r฀a฀ct i฀o฀n฀ ฀p฀r o฀c฀e฀s฀s ,฀ 
฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀r฀e฀v฀e฀rs e฀ e x t r฀a c t฀i฀o฀n฀ 
฀p฀r฀o฀c฀e฀s฀s฀ ฀r฀e฀m฀a฀i฀n฀ ฀s฀t฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀a฀f฀t฀e฀r฀ ฀f฀i฀f฀t h  r e u s e .  
฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀d฀e฀c฀l฀i฀n฀e฀s฀ ฀a฀ ฀l฀i฀t฀t฀l฀e฀ ฀a฀n฀d฀ ฀r฀e m a i n฀s฀ 
฀a฀b฀o฀v฀e฀ ฀1฀.฀2฀0฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀r฀e฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ p h฀a฀s฀e฀ ฀i฀s฀ 
฀s฀a฀t฀u฀r฀a฀t฀e฀d฀ ฀a฀n฀d฀ ฀s฀t฀a฀b฀l฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀h฀a฀s฀ ฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ ฀a฀n฀d฀ ฀e฀f฀f฀i฀c i฀e฀n t฀ 
฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀A฀n฀d฀ ฀t฀h฀e฀r฀e฀ ฀i฀s฀ ฀a฀l฀m฀o฀s฀t฀ ฀n฀o฀ ฀l฀o฀s฀s฀ ฀o฀f฀ ฀[฀B m i m ] [ L - t r฀p ] . 
 
),*85(฀ ฀ ฀T฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀it฀y฀ o f  
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀n฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀e฀c฀y฀c฀l฀e฀s฀.฀ ฀T฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o n  ฀o฀f฀ ฀[฀B฀m i฀m ] [ L - T r p ]  ฀i฀s฀ 
฀0฀.฀0฀2฀ ฀m฀o฀lā฀L฀-฀1฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀0฀.฀2฀ ฀m฀m฀o฀lā L฀-฀1,฀ ฀p฀H  =฀ ฀2฀.฀0฀,฀ 
฀2฀5 ഒ฀. 
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฀I฀n฀ ฀t฀h฀i฀s฀ ฀w฀o฀r฀k฀,฀ ฀a฀ ฀t฀w฀o฀ ฀p฀h฀a฀s฀e฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ s y s t e m  c o฀n฀t฀a฀i฀n฀i฀n g  
฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀ ฀i฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀w฀a฀s฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀p฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ flurbiprofen. The screening o  the type of 
amino acid ionic liquids as extractant was performed by the 
assistance of quantum chemical calculation and was further 
verified through extraction experiments of different biphasic 
systems. ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀w฀a฀s฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀c฀h฀i฀r฀a฀l฀ 
฀e฀x฀t฀r฀a฀c฀t฀a฀n฀t฀.฀ The influence of organic solvents, concentration of 
chiral extractants, initial concentration of flurbiprofen, pH values, 
and temperature on the extraction process were also investigated. 
฀U฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀, when฀ ฀d฀i฀c฀h฀l o฀r e t h a฀n฀e฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀a฀s฀ 
฀o฀r฀g฀a฀n฀i฀c฀ ฀s฀o฀l฀v฀e฀n฀t฀,฀ ฀t฀h฀e฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀[฀B฀m฀i฀m฀]฀[฀L฀-฀T฀r฀p฀]฀ ฀i฀s฀ ฀0฀.฀0฀2฀ m฀o฀lā฀L฀-
฀1฀,฀ ฀t฀h฀e฀ ฀i฀n฀i฀t฀i฀a฀l฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀0฀.฀2฀ ฀m m o฀lā฀L฀-฀1,฀ ฀t฀h e  ฀b u f฀f e r  
฀p฀H฀ ฀i฀s฀ ฀2฀.฀0฀ ฀a฀n฀d฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀i฀s฀ ฀2฀5฀ ഒ฀,฀ the฀ ฀d฀i s t฀r฀i฀b฀u฀t฀i฀o฀n  ฀c o e f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀o฀f฀ 
฀R฀-flurbiprofen and S-flurbiprofen are 21.1 and 25.5, respectively. 
The ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀i฀t฀y฀ ฀c฀a฀n฀ ฀r฀e฀a฀c฀h฀ ฀t฀o฀ ฀1฀.฀2฀4฀ ฀a฀t฀ ฀5฀ ഒ  ฀a n d  r฀e m฀a฀i n  a b฀o฀v฀e฀ 
฀1฀.฀2฀0฀ ฀n฀e฀a฀r฀ ฀r฀o฀o฀m฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀,฀ ฀e฀x฀h฀i฀b฀i฀t฀i฀n฀g฀ ฀g฀o฀o฀d฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀e฀f฀f e฀c฀t฀ ฀o฀n฀ 
flurbiprofen enantiomers฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀r฀e฀c฀y฀c฀l฀e฀ ฀o฀f฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ 
฀w฀a฀s฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀a฀ ฀r฀e฀v฀e฀r฀s฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀t฀o฀ ฀a฀c฀h i฀e฀v฀e฀ 
฀t฀h฀e฀ ฀r฀e฀u฀s฀e฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀.฀ ฀A฀n฀d฀ ฀t฀h฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀nt  d a t a s h฀o฀w฀ ฀t฀h฀a t฀ 
฀t฀h฀e฀ ฀r฀e฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀p฀h฀a฀s฀e฀ ฀s฀t฀i฀l฀l฀ ฀r฀e฀m฀a฀i฀n฀s฀ ฀g฀o฀o฀d฀ ฀s฀e฀p฀a฀r฀a฀t i o n  
฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀T฀h฀u฀s฀,฀ ฀w฀e฀ ฀s฀u฀c฀c฀e฀s฀s฀f฀u฀l฀l฀y฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀a฀n฀ ฀e฀n฀a฀n฀t฀i฀os e p a r a t i o n  
฀s฀y฀s฀t฀e฀m฀ ฀f฀o฀r฀ flurbiprofen and the results can provide reference฀s฀ ฀f฀o฀r฀ 
฀t฀h฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀i฀n฀ ฀e฀x฀t฀r฀a฀c฀t฀i o฀n฀. 
 
$FNQRZOHGJHPHQW 
฀T฀h฀e฀ ฀a฀u฀t฀h฀o฀r฀s฀ ฀a฀r฀e฀ ฀g฀r฀a฀t฀e฀f฀u฀l฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀f฀i฀n฀a฀n฀c฀i฀a฀l฀ ฀s฀u฀p฀p฀o฀r฀t฀ ฀f r฀o฀m฀ ฀N a฀t i o n฀a฀l
฀N฀a฀t฀u฀r฀a฀l฀ ฀S฀c฀i฀e฀n฀c฀e฀ ฀F฀o฀u฀n฀d฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀C฀h฀i฀n฀a฀ ฀(฀G฀r฀a฀n฀t฀ ฀N฀o฀.฀ ฀2฀1฀5฀76 2 3 1฀)฀ t o  t h i฀s฀ 
฀w฀o฀r฀k฀.฀  
 
5HIHUHQFH 
฀1฀.฀ ฀ ฀D฀a฀v฀i฀e฀s฀ ฀N฀M฀.฀ ฀C฀l฀i฀n฀i฀c฀a฀l฀ ฀p฀h฀a฀r฀m฀a฀c฀o฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀n฀d฀ ฀i฀t s  
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀.฀ ฀C฀l฀i฀n฀i฀c฀a฀l฀ ฀P฀h฀a฀r฀m฀a฀c฀o฀k฀i฀n฀e฀t฀i฀c฀s฀ ฀1฀9฀9฀5฀;฀2฀8฀(฀2฀)฀:฀1฀0฀0฀-฀1฀1฀4฀. 
฀2฀.฀ ฀ ฀B฀r฀o฀g฀d฀e฀n฀ ฀R฀N฀,฀ ฀H฀e฀e฀l฀ ฀R฀C฀,฀ ฀S฀p฀e฀i฀g฀h฀t฀ ฀T฀M฀,฀ ฀A฀v฀e฀r฀y฀ ฀G฀S฀.฀ ฀F฀e฀n฀b฀u฀f฀e฀n฀ ฀-฀ A  
฀r฀e฀v฀i฀e฀w฀ ฀o฀f฀ ฀i฀t฀s฀ ฀p฀h฀a฀r฀m฀a฀c฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀p฀r฀o฀p฀e฀r฀t฀i฀e฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀r฀a฀p฀e฀u฀t฀i c฀ u s฀e฀ 
฀i฀n฀ ฀r฀h฀e฀u฀m฀a฀t฀i฀c฀ ฀d฀i฀s฀e฀a฀s฀e฀s฀ ฀a฀n฀d฀ ฀a฀c฀u฀t฀e฀ ฀p฀a฀i฀n฀.฀ ฀D฀r฀u฀g฀s฀ ฀1฀9฀8฀1฀;฀2฀1฀(฀1฀)฀: 1 -
฀2฀2฀. 
฀3฀.฀ ฀ ฀W฀e฀c฀h฀t฀e฀r฀ ฀W฀J฀,฀ ฀B฀i฀g฀o฀r฀n฀i฀a฀ ฀A฀E฀,฀ ฀M฀u฀r฀r฀a฀y฀ ฀E฀D฀,฀ ฀L฀e฀v฀i฀n฀e฀ ฀B฀H฀,฀ ฀Y฀o฀un฀g฀ ฀J W฀.฀ 
฀R฀a฀c฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀i฀s฀ ฀m฀o฀r฀e฀ ฀u฀l฀c฀e฀r฀o฀g฀e฀n฀i฀c฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀(฀S฀)฀-฀e฀n฀a฀n t i o m฀e฀r฀.  
฀C฀h฀i฀r฀a฀l฀i฀t฀y฀ ฀1฀9฀9฀3฀;฀5฀(฀7฀)฀:฀4฀9฀2฀-4฀9฀4฀. 
฀4฀.฀ ฀ ฀Y฀a฀t฀a฀b฀a฀ ฀I฀,฀ ฀O฀t฀s฀u฀k฀a฀ ฀N฀,฀ ฀M฀a฀t฀s฀u฀s฀h฀i฀t฀a฀ ฀I฀,฀ ฀M฀a฀t฀s฀u฀m฀o฀t฀o฀ ฀H฀,฀ ฀H฀o฀s฀h฀in o  ฀Y .฀ 
฀E฀f฀f฀i฀c฀a฀c฀y฀ ฀o฀f฀ ฀S฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀p฀l฀a฀s฀t฀e฀r฀ ฀i฀n฀ ฀k฀n฀e฀e฀ ฀o฀s฀t฀e฀o฀a฀r฀t฀h฀r฀i t i s  
฀t฀r฀e฀a฀t฀m฀e฀n฀t฀:฀ ฀R฀e฀s฀u฀l฀t฀s฀ ฀f฀r฀o฀m฀ ฀a฀ ฀p฀h฀a฀s฀e฀ ฀i฀i฀i฀,฀ ฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀,฀ ฀a฀c฀t฀i฀v฀e฀-
฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀,฀ ฀a฀d฀e฀q฀u฀a฀t฀e฀,฀ ฀a฀n฀d฀ ฀w฀e฀l฀l฀-฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀ ฀t฀r฀i฀a฀l฀.฀ ฀M฀o฀d฀e฀r฀n฀ 
฀R฀h฀e฀u฀m฀a฀t฀o฀l฀o฀g฀y฀ ฀2฀0฀1฀7฀;฀2฀7฀(฀1฀)฀:฀1฀3฀0฀-฀1฀3฀6฀. 
฀5฀.฀ ฀ ฀G฀e฀e฀r฀t฀s฀ ฀H฀.฀ ฀D฀r฀u฀g฀ ฀e฀v฀a฀l฀u฀a฀t฀i฀o฀n฀:฀ ฀(฀R฀)฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀-฀ ฀a฀n฀ e n a฀n฀t i o฀m฀e฀r฀ ฀o฀f฀ 
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀r฀e฀a฀t฀m฀e฀n฀t฀ ฀o฀f฀ ฀A฀l฀z฀h฀e฀i฀m฀e฀r฀'฀s฀ ฀D฀i฀s฀e฀a฀s฀e.  I d r u g s฀ 
฀2฀0฀0฀7฀;฀1฀0฀(฀2฀)฀:฀1฀2฀1฀-฀1฀3 3 . 
฀6฀.฀ ฀ ฀K฀u฀k฀a฀r฀ ฀T฀,฀ ฀P฀r฀e฀s฀c฀o฀t฀t฀ ฀S฀,฀ ฀E฀r฀i฀k฀s฀e฀n฀ ฀J฀L฀,฀ ฀H฀o฀l฀l฀o฀w฀a฀y฀ ฀V฀,฀ ฀M฀u฀rp฀h฀y฀ ฀M P ,  K o o  
฀E฀H฀,฀ ฀G฀o฀l฀d฀e฀ ฀T฀E฀,฀ ฀N฀i฀c฀o฀l฀l฀e฀ ฀M฀M฀.฀ ฀C฀h฀r฀o฀n฀i฀c฀ ฀a฀d฀m฀i฀n฀i฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀R-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀a฀t฀t฀e฀n฀u฀a฀t฀e฀s฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀ ฀i฀m฀p฀a฀i฀r฀m฀e฀n฀t฀s฀ ฀i฀n฀ ฀t฀r฀a฀n฀s฀g฀e฀n฀i฀c฀ 
฀a฀m฀y฀l฀o฀i฀d฀ ฀p฀r฀e฀c฀u฀r฀s฀o฀r฀ ฀p฀r฀o฀t฀e฀i฀n฀ ฀m฀i฀c฀e฀.฀ ฀B฀m฀c฀ ฀N฀e฀u฀r฀o฀s฀c฀i฀e฀n฀c฀e฀ ฀2฀0฀0฀7฀;8 . 
฀7฀.฀ ฀ ฀B฀l฀a฀c฀k฀ ฀S฀,฀ ฀W฀i฀l฀c฀o฀c฀k฀ ฀G฀K฀,฀ ฀H฀a฀w฀o฀r฀t฀h฀ ฀J฀,฀ ฀H฀e฀n฀d฀r฀i฀x฀ ฀S฀,฀ ฀Z฀a฀v฀i฀t฀z฀ ฀K฀,฀ 
฀C฀h฀r฀i฀s฀t฀e฀n฀s฀e฀n฀ ฀D฀,฀ ฀B฀i฀n฀g฀e฀r฀ ฀M฀H฀,฀ ฀B฀a฀s฀s฀ ฀S฀,฀ ฀L฀a฀u฀g฀h฀l฀i฀n฀ ฀M฀,฀ ฀S฀w฀a฀b฀b฀ ฀E฀.฀ 
฀E฀f฀f฀i฀c฀a฀c฀y฀ ฀a฀n฀d฀ ฀s฀a฀f฀e฀t฀y฀ ฀o฀f฀ ฀M฀P฀C฀-฀7฀8฀6฀9฀ ฀(฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀)฀,฀ ฀a฀ s฀e฀l฀e฀c฀t i฀v฀e฀ 
฀A฀B4฀2-฀l฀o฀w฀e฀r฀i฀n฀g฀ ฀a฀g฀e฀n฀t฀,฀ ฀i฀n฀ ฀m฀i฀l฀d฀ ฀A฀l฀z฀h฀e฀i฀m฀e฀r฀'฀s฀ ฀Di s฀e฀a s e  ฀(฀A฀D) :  
฀R฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀a฀ ฀1฀2฀-฀m฀o฀n฀t฀h฀ ฀p฀h฀a฀s฀e฀ ฀2฀ ฀t฀r฀i฀a฀l฀ ฀a฀n฀d฀ ฀1฀-฀y฀e฀a฀r฀ ฀f฀o฀l฀l฀o฀w฀-฀o฀n฀ ฀s฀t u฀d฀y฀.  
฀N฀e฀u฀r฀o฀l฀o฀g฀y฀ ฀2฀0฀0฀6฀;฀6฀6฀(฀5฀)฀:฀A฀3฀4฀7฀-฀A฀3฀4฀7฀. 
฀8฀.฀ ฀M฀c฀c฀o฀r฀m฀i฀c฀k฀ ฀D฀L฀,฀ ฀M฀o฀o฀n฀ ฀R฀C฀.฀ ฀I฀n฀h฀i฀b฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀m฀a฀m฀m฀a฀r฀y฀ 
฀c฀a฀r฀c฀i฀n฀o฀g฀e฀n฀e฀s฀i฀s฀ ฀b฀y฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀a฀ ฀n฀o฀n฀-฀s฀t฀e฀r฀o฀i฀d฀a฀l฀ 
฀a฀n฀t฀i฀i฀n฀f฀l฀a฀m฀m฀a฀t฀o฀r฀y฀ ฀a฀g฀e฀n฀t฀.฀ ฀B฀r฀i฀t฀i฀s฀h฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀a฀n฀c฀e฀r฀ 
฀1฀9฀8฀3฀;฀4฀8฀(฀6฀)฀:฀8฀5฀9฀-฀8฀6฀1 . 
฀9฀.฀ ฀ ฀W฀e฀c฀h฀t฀e฀r฀ ฀W฀J฀,฀ ฀L฀e฀i฀p฀o฀l฀d฀ ฀D฀D฀,฀ ฀M฀u฀r฀r฀a฀y฀ ฀E฀D฀,฀ ฀Q฀u฀i฀g฀g฀l฀e฀ ฀D฀,฀ ฀M฀c฀C฀r฀a฀c฀k฀e฀n฀ 
฀J฀D฀,฀ ฀B฀a฀r฀r฀i฀o฀s฀ ฀R฀S฀,฀ ฀G฀r฀e฀e฀n฀b฀e฀r฀g฀ ฀N฀M฀.฀ ฀E฀-฀7฀8฀6฀9฀ ฀(฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀)฀ 
฀i฀n฀h฀i฀b฀i฀t฀s฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀o฀n฀ ฀o฀f฀ ฀p฀r฀o฀s฀t฀a฀t฀e฀ ฀c฀a฀n฀c฀e฀r฀ ฀i฀n฀ ฀t฀h฀e฀ ฀t฀r฀a฀m฀p฀ ฀m฀o u s e .  
฀C฀a฀n฀c฀e฀r฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀2฀0฀0฀0฀;฀6฀0฀(฀8฀)฀:฀2฀2฀0฀3฀-฀2฀2฀0฀8฀. 
฀1฀0฀.฀ ฀B฀i฀s฀h฀a฀y฀ ฀P฀,฀ ฀S฀c฀h฀m฀i฀d฀t฀ ฀H฀,฀ ฀M฀a฀r฀i฀a฀n฀ ฀C฀,฀ ฀H฀a฀u฀s฀s฀l฀e฀r฀ ฀A฀,฀ ฀W฀i฀j฀n฀v฀oo r฀d  N฀,฀ 
฀Z฀i฀e฀b฀e฀l฀l฀ ฀S฀,฀ ฀M฀e฀t฀z฀n฀e฀r฀ ฀J฀,฀ ฀K฀o฀c฀h฀ ฀M฀,฀ ฀M฀y฀r฀c฀z฀e฀k฀ ฀T฀,฀ ฀B฀e฀c฀h฀m฀a฀n฀n฀ ฀I฀ ฀a฀nd฀ 
฀o฀t฀h฀e฀r฀s฀.฀ ฀R฀-฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀ ฀r฀e฀d฀u฀c฀e฀s฀ ฀n฀e฀u฀r฀o฀p฀a฀t฀h฀i฀c฀ ฀p฀a฀i฀n฀ ฀i฀n฀ r o d e n฀t s  b y  
฀r฀e฀s฀t฀o฀r฀i฀n฀g฀ ฀e฀n฀d฀o฀g฀e฀n฀o฀u฀s฀ ฀c฀a฀n฀n฀a฀b฀i฀n฀o฀i฀d฀s฀.฀ ฀P฀l฀o฀s฀ ฀O฀n฀e฀ ฀2฀0฀1฀0฀;฀5฀(฀5฀)฀.
฀1฀1฀.฀ ฀L฀i฀u฀ ฀J฀K฀,฀ ฀P฀a฀t฀e฀l฀ ฀S฀K฀,฀ ฀G฀i฀l฀l฀e฀s฀p฀i฀e฀ ฀D฀L฀,฀ ฀W฀h฀a฀n฀g฀ ฀K฀,฀ ฀C฀o฀u฀l฀d฀we฀l l฀ ฀W฀T฀.฀ ฀R฀-
฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀,฀ ฀a฀ ฀n฀o฀v฀e฀l฀ ฀n฀o฀n฀s฀t฀e฀r฀o฀i฀d฀a฀l฀ ฀a฀n฀t฀i฀-฀i฀n฀f฀l฀a฀m฀m฀a฀t฀o฀r฀y฀ d r฀u฀g฀,฀ 
฀d฀e฀c฀r฀e฀a฀s฀e฀s฀ ฀c฀e฀l฀l฀ ฀p฀r฀o฀l฀i฀f฀e฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀i฀n฀d฀u฀c฀e฀s฀ ฀a฀p฀o฀p฀t฀o฀s฀i฀s฀ ฀i฀n  ฀p i฀t฀u i฀t฀a฀r฀y฀ 
฀a฀d฀e฀n฀o฀m฀a฀ ฀c฀e฀l฀l฀s฀ ฀i฀n฀ ฀v฀i฀t฀r฀o฀.฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀N฀e฀u฀r฀o฀-฀O฀n฀c฀o฀l฀o฀g฀y฀ 
฀2฀0฀1฀2฀;฀1฀0฀6฀(฀3฀)฀:฀5฀6฀1฀-฀5฀6฀9฀. 
฀1฀2฀.฀ ฀H฀a฀n฀ ฀X฀,฀ ฀Z฀h฀o฀u฀ ฀H฀B฀,฀ ฀D฀o฀n฀g฀ ฀C฀E฀.฀ ฀A฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀q฀u฀a฀r฀a฀m฀i฀d฀e฀s฀:฀ 
฀F฀r฀o฀m฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀o฀r฀g฀a฀n฀o฀c฀a฀t฀a฀l฀y฀s฀i฀s฀ ฀t฀o฀ ฀b฀i฀o฀l฀o฀g฀i฀c฀a฀l฀l฀y฀ ฀a฀c฀t฀i฀ve  
฀c฀o฀m฀p฀o฀u฀n฀d฀s฀.฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀R฀e฀c฀o฀r฀d฀ ฀2฀0฀1฀6฀;฀1฀6฀(฀2฀)฀:฀8฀9฀7฀-฀9฀0฀6฀. 
฀1 3฀.฀ ฀H a฀w฀k฀i฀n s฀ ฀J M ,  ฀W a฀t s o n฀ ฀T฀J฀N฀.฀ ฀A฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀c฀a฀t฀a฀l฀y฀s฀i฀s฀ ฀i฀n฀ ฀t฀h e  
p฀h฀a r฀m a฀c e฀u t i c฀a฀l฀ ฀i฀n฀d u r y฀.฀ ฀A฀n฀g฀e฀w฀a฀n฀d฀t฀e฀ ฀C฀h฀e฀m฀i฀e฀-฀I฀n฀t฀e฀r฀n฀a฀t฀i฀o฀n฀a l
฀E฀d฀i t฀i฀o฀n฀ ฀2 0 0฀4฀;฀4฀3฀( 2 5 ) :฀3฀2฀2 4 -฀3 22฀8 . 
฀1฀4฀.฀ ฀D฀o฀n฀d฀o฀n฀i฀ ฀A฀,฀ ฀M฀a฀s฀s฀i฀ ฀A฀.฀ ฀A฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀o฀r฀g฀a฀n฀o฀c฀a฀t฀a฀l฀y฀s฀i฀s฀:฀ ฀Fr o m฀ 
฀i฀n฀f฀a฀n฀c฀y฀ ฀t฀o฀ ฀a฀d฀o฀l฀e฀s฀c฀e฀n฀c฀e฀.฀ ฀A฀n฀g฀e฀w฀a฀n฀d฀t฀e฀ ฀C฀h฀e฀m฀i฀e฀-฀I฀n฀t฀e฀r฀n฀a฀t฀i฀o฀n฀a l฀ 
฀E d i฀t i฀o n  ฀2฀0฀0฀8฀;฀4฀7฀(฀2฀5 ) : 4 6 3฀8฀-฀4฀6฀6฀0฀. 
฀1฀5฀.฀ ฀D฀z฀y฀g฀i฀e฀l฀ ฀P฀,฀ ฀W฀i฀e฀c฀z฀o฀r฀e฀k฀ ฀P฀,฀ ฀J฀o฀n฀s฀s฀o฀n฀ ฀J฀A฀,฀ ฀M฀i฀l฀e฀w฀s฀k฀a฀ ฀M฀,฀ ฀K฀a฀f฀a฀r฀s฀k฀i฀ ฀P฀.  
฀S฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀m฀i฀n฀o฀ ฀a฀c฀i฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀u฀s฀i฀n฀g฀ ฀s฀u฀p฀p฀o฀r฀t฀e฀d฀ l i฀q u i d  
m฀e฀m฀b r฀a฀n e  ฀e x t r฀a฀c฀t฀i฀o฀n฀ w฀i฀t฀h฀ ฀c฀h฀i฀r฀a฀l฀ ฀p฀h฀o฀s฀p฀h฀a฀t฀e฀s฀ ฀a฀n฀d฀ 
฀p฀h฀o฀s฀p฀h฀o n a t฀e฀s฀.฀ ฀T฀e฀t฀r฀a฀h฀e d r o n  1฀9฀9฀9฀;฀5฀5฀(฀3฀2฀)฀:฀9฀9฀2฀3฀-฀9฀9฀3฀2฀. 
฀1฀6฀.฀ ฀S฀c฀h฀u฀u฀r฀ ฀B฀,฀ ฀V฀e฀r฀k฀u฀i฀j฀l฀ ฀B฀J฀V฀,฀ ฀M฀i฀n฀n฀a฀a฀r฀d฀ ฀A฀J฀,฀ ฀d฀e฀ ฀V฀r฀i฀e฀s฀ ฀J฀G,  H฀e฀e฀r฀e฀s  ฀H J ,฀ 
฀F฀e฀r฀i฀n฀g฀a฀ ฀B฀L฀.฀ ฀C฀h฀i฀r฀a฀l฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀b฀y฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀l฀i฀q฀u฀i d - l i q u i d  
e x฀t฀r฀a฀c฀t฀i o n฀.  O r g a n฀i c  ฀& B i฀o฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀2฀0฀1฀1฀;฀9฀(฀1฀)฀: 3 6 -
5฀1 . 
฀1฀7฀.฀ ฀M฀e฀n฀a฀h฀e฀m฀ ฀T฀,฀ ฀M฀a฀s฀t฀a฀i฀ ฀Y฀.฀ ฀E฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀c฀r฀y฀s฀t฀a฀l฀l฀i฀z฀a฀ti o฀n  i฀n฀ 
฀m฀i฀n฀i฀e฀m฀u฀l฀s฀i฀o฀n฀s฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀u฀r฀f฀a฀c฀t฀a฀n฀t฀s฀.฀ ฀N฀e฀w฀ ฀J฀o฀u฀r฀n฀a฀l  o฀f
฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀2฀0฀0฀8฀;฀3฀2฀(฀6฀)฀:฀9฀2฀5฀-฀9฀2฀8฀. 
฀1฀8฀.฀ ฀L฀o฀r฀e฀n฀z฀ ฀H฀,฀ ฀P฀o฀l฀e฀n฀s฀k฀e฀ ฀D฀,฀ ฀S฀e฀i฀d฀e฀l฀-฀M฀o฀r฀g฀e฀n฀s฀t฀e฀r฀n฀ ฀A฀.฀ ฀A฀p฀p฀li฀c฀a t฀i฀o฀n฀ ฀o฀f฀ 
฀p฀r฀e฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀c฀r฀y฀s฀t฀a฀l฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀r฀e฀s฀o฀l฀v฀e฀ ฀r฀a฀c฀e฀m฀i฀c฀ ฀c฀o฀m฀p฀o฀u n d฀s  i n  a  
฀h฀y฀b฀r฀i฀d฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ ฀C฀h฀i฀r฀a฀l฀i฀t฀y฀ ฀2฀0฀0฀6฀;฀1฀8฀(฀1฀0฀)฀:฀8฀2฀8฀-฀8฀4฀0฀. 
฀1฀9฀.฀ ฀L฀u฀ ฀Y฀H฀,฀ ฀W฀a฀n฀g฀ ฀X฀J฀,฀ ฀C฀h฀i฀n฀g฀ ฀C฀B฀.฀ ฀A฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀p฀r฀e฀f฀e฀re n t i฀a฀l฀ 
฀c฀r฀y฀s฀t฀a฀l฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀t฀y฀p฀e฀s฀ ฀o฀f฀ ฀r฀a฀c฀e฀m฀i฀c฀ ฀c฀o฀m฀p฀o฀un฀d฀s฀.฀ 
฀I฀n฀d฀u฀s฀t฀r฀i฀a฀l฀ ฀&฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ 
฀2฀0฀0฀9฀;฀4฀8฀(฀1฀5฀)฀:฀7฀2฀6฀6฀-฀7฀2฀7฀5฀. 
฀2฀0฀.฀ ฀M฀e฀s฀a฀s฀-฀S฀a฀n฀c฀h฀e฀z฀ ฀L฀,฀ ฀D฀i฀a฀z฀-฀A฀l฀v฀a฀r฀e฀z฀ ฀A฀E฀,฀ ฀K฀o฀u฀k฀a฀l฀ ฀P฀,฀ ฀D฀i฀n฀e฀r฀ ฀P .  K i n e t i฀c  
฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀2฀-฀h฀y฀d฀r฀o฀x฀y฀-฀2฀-฀a฀r฀y฀l฀-฀e฀t฀h฀y฀l฀p฀h฀o฀s฀p฀h฀o฀n฀a฀t฀e฀s฀ ฀b฀y฀ ฀a฀ ฀n฀o฀n -
฀e฀n฀z฀y฀m฀a฀t฀i฀c฀ ฀a฀c฀y฀l฀a฀t฀i฀o฀n฀ ฀c฀a฀t฀a฀l฀y฀s฀t฀.฀ ฀T฀e฀t฀r฀a฀h฀e฀d฀r฀o฀n฀ ฀2฀0฀1฀4฀;฀7฀0฀(฀2฀4฀)฀:฀3฀8฀0฀7 -
฀3฀8฀1฀1฀. 
฀2฀1฀.฀ ฀V฀e฀d e j฀s฀ ฀E฀,฀ ฀J฀u฀r฀e฀ M฀.฀ E f f฀i฀c฀i฀e฀n฀c฀y฀ ฀i฀n฀ ฀n฀o฀n฀e฀n฀z฀y฀m฀a฀t฀i฀c฀ ฀k฀i฀n฀e฀t i c฀ r e s o l฀u฀t฀i o n฀.฀ 
฀A฀n฀g฀e฀w฀a฀n฀d฀t฀e฀ ฀C฀h฀e฀m฀i฀e฀-฀I฀n฀t฀e฀r฀n฀a฀t฀i฀o฀n฀a฀l฀ ฀E฀d฀i฀t฀i฀o฀n฀ ฀2฀0฀0฀5฀;฀4฀4฀(฀2฀6฀)฀:3 9฀7฀4฀-
฀4฀0฀0฀1฀. 
2฀2฀.  ฀S i k o฀r฀a฀ ฀A฀,฀ ฀S฀i฀o฀d฀m฀i฀a฀k฀ T ,฀ ฀M฀a฀r฀s฀z฀a฀l฀l฀ ฀M฀P฀.฀ ฀K฀i฀n฀e฀t฀i฀c฀ ฀r฀e฀s฀o฀l฀u฀t฀i o n฀ o f฀ 
p r o f฀e฀n฀s b y e฀n฀a฀n t฀i฀o฀s฀e฀l฀e฀c฀t฀i v e฀ ฀e฀s฀t฀e฀r฀i฀f฀i฀c฀a฀t฀i฀o฀n฀ ฀c฀a฀t฀a฀l฀y฀z฀ed  ฀b y  
฀c฀a฀n฀d฀i฀d฀a฀ ฀a฀n฀t฀a฀r฀c฀t฀i฀c฀a฀ ฀a฀n฀d฀ ฀c฀a฀n฀d฀i฀d฀a฀ ฀r฀u฀g฀o฀s฀a฀ ฀l฀i฀p฀a฀s฀e฀s฀.฀ ฀C฀h฀i฀r฀a฀l i฀t฀y฀ 
฀2฀0฀1฀4฀;฀2฀6฀(฀1฀0฀)฀:฀6฀6฀3฀-฀6฀6฀9฀. 
฀2฀3฀.฀ ฀W a r d  ฀T J ,฀ ฀B฀a฀k e r฀ ฀B A .  C฀h i r฀a l  ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀s฀.฀ ฀A฀n฀a฀l฀y฀t฀i฀ca฀l฀ ฀C h e฀m i s t r y  
฀2฀0 0 8 ;฀8฀0 (฀1฀2 )฀:฀4 3 6 3 4 3 7 2฀. 
฀2฀4฀.฀ ฀G฀o฀s฀s฀i฀ ฀A฀,฀ ฀R฀i฀e฀d฀l฀ ฀W฀,฀ ฀S฀c฀h฀u฀u฀r฀ ฀B฀.฀ ฀E฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀wi t฀h฀ ฀l฀i฀q฀u฀i d  
฀m฀e฀m฀b฀r฀a฀n฀e฀s฀.฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀T฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀an d฀ 
฀B฀i฀o฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀2฀0฀1฀8฀;฀9฀3฀(฀3฀)฀:฀6฀2฀9฀-฀6฀4฀4฀. 
฀2฀5฀.฀ ฀Z฀h฀a฀o฀ ฀P฀F฀,฀ ฀W฀a฀n฀g฀ ฀Z฀K฀,฀ ฀G฀a฀o฀ ฀X฀,฀ ฀G฀u฀o฀ ฀X฀J฀,฀ ฀Z฀h฀a฀o฀ ฀L฀S฀.฀ ฀S฀i฀m฀u฀l฀ta฀n฀e฀o฀u฀s฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀2฀2฀ ฀c฀h฀i฀r฀a฀l฀ ฀p฀e฀s฀t฀i฀c฀i฀d฀e฀s฀ ฀i฀n  ฀f r u t s฀ 
฀a฀n฀d฀ ฀v฀e฀g฀e฀t฀a฀b฀l฀e฀s฀ ฀u฀s฀i฀n฀g฀ ฀c฀h฀i฀r฀a฀l฀ ฀l฀i฀q฀u฀i฀d฀ ฀c฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀y฀ ฀c฀o฀u฀p฀l฀e฀d  
฀w฀i฀t฀h฀ ฀t฀a฀n฀d฀e฀m฀ ฀m฀a฀s฀s฀ ฀s฀p฀e฀c฀t฀r฀o฀m฀e฀t฀r฀y฀.฀ ฀F฀o฀o฀d฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ 
฀2฀0฀1฀9฀;฀2฀7฀7฀:฀2฀9฀8฀-฀3฀0฀6฀. 
฀2฀6฀.฀ ฀Z฀o฀u฀ ฀J฀,฀ ฀C฀h฀e฀n฀ ฀X฀Q฀,฀ ฀Z฀h฀a฀o฀ ฀G฀Q฀,฀ ฀J฀i฀a฀n฀g฀ ฀X฀Y฀,฀ ฀J฀i฀a฀o฀ ฀F฀P฀,฀ ฀Y฀u฀ ฀J฀G฀.฀ A  n o฀v e l  
฀e฀l฀e฀c฀t฀r฀o฀c฀h฀e฀m฀i฀c฀a฀l฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀y฀n฀e฀r฀g฀i฀s฀t฀i฀c฀ 
฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀p฀o฀l฀y฀s฀a฀c฀c฀h฀a฀r฀i฀d฀e฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀y฀r฀o฀s฀i฀n฀e฀ 
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀.฀ ฀T฀a฀l฀a฀n฀t฀a฀ ฀2฀0฀1฀9฀;฀1฀9฀5฀:฀6฀2฀8฀-฀6฀3฀7฀. 
฀2฀7฀.฀ ฀N฀i฀u฀ ฀X฀H฀,฀ ฀Y฀a฀n฀g฀ ฀X฀,฀ ฀M฀o฀ ฀Z฀L฀,฀ ฀G฀u฀o฀ ฀R฀B฀,฀ ฀L฀i฀u฀ ฀N฀J฀,฀ ฀Z฀h฀a฀o฀ ฀P฀,฀ ฀L฀i฀u฀ ฀Z฀Y฀,฀ 
฀O฀u฀y฀a฀n฀g฀ ฀M฀X฀.฀ ฀V฀o฀l฀t฀a฀m฀m฀e฀t฀r฀i฀c฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀i฀c฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀t฀i฀o฀n฀ ฀of  
฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀ ฀b฀y฀ ฀u฀s฀i฀n฀g฀ ฀m฀u฀l฀t฀i฀w฀a฀l฀l฀e฀d฀ ฀c฀a฀r฀b฀o฀n฀ ฀n฀a฀n฀o฀t฀u฀b฀e฀s฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀i฀z฀e฀d฀ ฀w฀i฀t฀h฀ ฀f฀e฀r฀r฀o฀c฀e฀n฀e฀ ฀a฀n฀d฀ ฀b฀e฀t฀a฀-฀c฀y฀c฀l฀o฀d฀e฀x฀t฀r฀i฀n.฀ 
฀E฀l฀e฀c฀t฀r฀o฀c฀h฀i฀m฀i฀c฀a฀ ฀A฀c฀t฀a฀ ฀2฀0฀1฀9฀;฀2฀9฀7฀:฀6฀5฀0฀-฀6฀5฀9฀. 
฀2฀8฀.฀ ฀T฀a฀n฀g฀ ฀K฀W฀,฀ ฀S฀o฀n฀g฀ ฀L฀T฀,฀ ฀L฀i฀u฀ ฀Y฀B฀,฀ ฀M฀i฀a฀o฀ ฀J฀B฀.฀ ฀E฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀ti฀v฀e  
฀p฀a฀r฀t฀i฀t฀i฀o฀n฀i฀n฀g฀ ฀o฀f฀ ฀2฀-฀p฀h฀e฀n฀y฀l฀p฀r฀o฀p฀i฀o฀n฀i฀c฀ ฀a฀c฀i฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀i฀n฀ ฀a  
฀b฀i฀p฀h฀a฀s฀i฀c฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀C฀h฀e฀m฀i฀ca l  
฀E฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀2฀0฀1฀2฀;฀1฀8฀0฀:฀2฀9฀3฀-฀2฀9฀8฀. 
฀2฀9฀.฀ ฀T฀a฀n฀g฀ ฀K฀W฀,฀ ฀Y฀i฀ ฀J฀M฀,฀ ฀L฀i฀u฀ ฀Y฀B฀,฀ ฀J฀i฀a฀n฀g฀ ฀X฀Y฀,฀ ฀P฀a฀n฀ ฀Y฀.฀ ฀E฀n฀a฀n฀t฀i฀os e฀l e c t฀i฀v฀e  
฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀R฀,฀S฀-฀p฀h฀e฀n฀y฀l฀s฀u฀c฀c฀i฀n฀i฀c฀ ฀a฀c฀i฀d฀ ฀b฀y฀ ฀b฀i฀p฀h฀a฀s฀i฀c฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i o n฀ 
฀c฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀.฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g฀ ฀S฀c฀i฀e฀n฀c฀e฀ 
฀2฀0฀0฀9฀;฀6฀4฀(฀1฀8฀)฀:฀4฀0฀8฀1฀-฀4฀0฀8฀8฀. 
฀3฀0฀.฀ ฀D฀i฀n฀g฀ ฀Q฀,฀ ฀C฀u฀i฀ ฀X฀,฀ ฀X฀u฀ ฀G฀H฀,฀ ฀H฀e฀ ฀C฀H฀,฀ ฀W฀u฀ ฀K฀J฀.฀ ฀Q฀u฀a฀n฀t฀u฀m฀ ฀c฀h฀e฀m฀is t฀r฀y฀ 
฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀a฀i฀d฀e฀d฀ ฀d฀e฀s฀i฀g฀n฀ ฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀-฀b฀a฀se d  ฀e x t฀r a c t i฀o฀n  
฀s฀y฀s฀t฀e฀m฀ ฀f฀o฀r฀ ฀a฀m฀l฀o฀d฀i฀p฀i฀n฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀.฀ ฀A฀i฀c฀h฀e฀ ฀J฀o฀u฀r฀n฀a฀l฀ 
฀2฀0฀1฀8฀;฀6฀4฀(฀1฀1฀)฀:฀4฀0฀8฀0฀-฀4฀0฀8฀8฀. 
฀3฀1฀.฀ ฀S฀c฀h฀u฀u฀r฀ ฀B฀,฀ ฀B฀l฀a฀h฀u฀s฀i฀a฀k฀ ฀M฀,฀ ฀V฀i฀t฀a฀s฀a฀r฀i฀ ฀C฀R฀,฀ ฀G฀r฀a฀m฀b฀l฀i฀c฀k฀a฀ ฀M฀, D฀e฀ ฀H a฀a฀n฀ 
฀A฀B฀,฀ ฀V฀i฀s฀s฀e฀r฀ ฀T฀J฀.฀ ฀S฀e฀l฀e฀c฀t฀o฀r฀ ฀s฀c฀r฀e฀e฀n฀i฀n฀g฀ ฀f฀o฀r฀ ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i o n฀ ฀o฀f฀ 
฀D฀L-฀a฀l฀p฀h฀a฀-฀m฀e฀t฀h฀y฀l฀ ฀p฀h฀e฀n฀y฀l฀g฀l฀y฀c฀i฀n฀e฀ ฀a฀m฀i฀d฀e฀ ฀b฀y฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀u฀i฀d฀ 
฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀.฀ ฀C฀h฀i฀r฀a฀l฀i฀t฀y฀ ฀2฀0฀1฀5฀;฀2฀7฀(฀2฀)฀:฀1฀2฀3฀-฀1฀3฀0฀. 
฀3฀2฀.฀ ฀W฀a฀n฀g฀ ฀J฀,฀ ฀C฀h฀e฀n฀ ฀X฀Q฀,฀ ฀J฀i฀a฀o฀ ฀F฀P฀.฀ ฀E฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ 
฀p฀h฀e฀n฀y฀l฀s฀u฀c฀c฀i฀n฀i฀c฀ ฀a฀c฀i฀d฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀t฀w฀o฀-
฀p฀h฀a฀s฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀w฀i฀t฀h฀ ฀e฀t฀h฀a฀n฀o฀l฀/฀a฀m฀m฀o฀n฀i฀u฀m฀ ฀s฀u฀l฀f฀a฀t฀e฀:฀ ฀P฀h฀a฀s฀e฀ 
฀d฀i฀a฀g฀r฀a฀m฀s฀ ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀p฀a฀r฀t฀i฀t฀i฀o฀n฀i฀n฀g฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀s฀.฀ ฀J฀o฀u฀r฀n฀a฀l
฀o฀f฀ ฀I฀n฀c฀l฀u฀s฀i฀o฀n฀ ฀P฀h฀e฀n฀o฀m฀e฀n฀a฀ ฀a฀n฀d฀ ฀M฀a฀c฀r฀o฀c฀y฀c฀l฀i฀c฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ 
฀2฀0฀1฀5฀;฀8฀1฀(฀3฀-฀4฀)฀:฀4฀7฀5฀-฀4฀8฀4฀. 
3 3 .  Z h u a g  J L฀,  Y a n g  ฀W฀J฀,฀ C฀h฀e฀n฀ ฀X฀Q฀,฀ ฀J฀i฀a฀o฀ ฀F฀P฀.฀ ฀E฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a r a t฀i฀o฀n฀ o฀f  
p h e฀n y l฀s u฀c฀c฀i n i c  ฀a c i฀d฀ ฀e n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀u฀s฀i฀n฀g฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀t฀w฀o฀-฀p฀h฀a฀s฀e฀ 
฀f฀l o t a t i฀o฀n฀ ฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀b฀y฀ ฀h฀p฀l฀c฀ ฀a฀n฀d฀ ฀u฀v฀ ฀d฀e฀t฀e฀c t i o n .  
฀C฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀i฀a฀ ฀2฀0฀1฀4฀;฀7฀7฀(฀9฀-฀1฀0฀)฀:฀6฀7฀9฀-฀6฀8฀5฀. 
3฀4฀.฀ ฀T฀a฀n฀g  K W฀,฀ ฀S฀o฀n฀g L T ,  L฀i u฀ ฀Y฀B฀,฀ ฀P฀a฀n฀ ฀Y฀,฀ ฀J฀i฀a฀n฀g฀ ฀X฀Y฀.฀ ฀S฀e฀p฀a฀r฀a t i฀o n  ฀o฀f฀ 
฀f฀l฀u฀r b i฀p r฀o฀f฀e฀n฀ e฀n฀a n t฀i฀o฀m e r฀s  b฀y฀ ฀b฀i฀p฀h฀a฀s฀i฀c฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀c฀h฀ir฀a l฀ 
e x฀t฀r฀a฀c฀t฀i฀o n .฀ ฀C฀h฀e m i c a฀l฀ ฀E n g i฀n฀e฀e฀r฀i฀n฀g฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀2฀0฀1฀0฀;฀1฀5฀8฀(฀3฀): 4 1 1 -
฀4฀1฀7฀. 
฀3฀5 .  C฀h฀e฀n฀ ฀Z฀,฀ ฀Z฀h฀a n g W฀,  W฀a฀n฀g฀ ฀L฀P฀,฀ ฀F฀a฀n฀ ฀H฀J฀,฀ ฀W฀a฀n฀ ฀Q฀,฀ ฀W฀u฀ ฀X฀H฀, ฀T a n฀g฀ 
X Y฀,฀ ฀T฀a฀n฀g฀ J Z฀. E a n t i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀r฀a฀c฀e฀m฀i฀c฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀fe n  b y  
a฀q฀u e฀o u s ฀t฀w o -฀p฀h฀a s e฀ ฀e฀x t r a c t฀i฀o฀n฀ ฀w฀i฀t฀h฀ ฀b฀i฀n฀a฀r฀y฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e c฀t o฀r s฀ ฀o฀f฀ 
฀L฀-฀d฀i฀o฀c฀t฀y฀l  t฀a฀r฀t฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀L฀-฀t฀r฀y฀p฀t฀o฀p฀h฀a฀n฀.฀ ฀C฀h฀i฀r฀a฀l฀i฀t฀y฀ ฀2฀0฀1฀5; 2 7 ( 9 ) : 6 5 0 -
฀6฀5฀7฀. 
฀3฀6฀.฀ ฀H฀u฀a n g฀ ฀Y฀Q , ฀B฀a o฀ ฀Z฀B฀,฀ ฀X฀i฀n฀g  ฀H B ,฀ ฀Y฀a฀n฀g฀ ฀Y฀W฀,฀ ฀Z฀h฀a฀n฀g฀ ฀Z฀G฀,฀ ฀Re n  Q L .  
฀C h i฀r฀a l฀ ฀e฀x t r฀a c฀t฀a฀n฀t s  ฀a฀n฀d  ฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀l฀i฀q฀u฀i฀d฀-฀l฀i฀q฀ui d  e฀x t r฀a฀c฀t฀i฀o฀n฀.฀ 
C h e m฀i฀c฀a฀l฀ ฀i n d u s t r฀y฀ ฀a฀n฀d฀ e n฀g฀n฀e฀e฀r฀i฀n฀g฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀ ฀(฀C฀h฀i฀n฀a฀)฀ 
฀2฀0฀1 5 ;฀3฀4 (฀1฀2฀)฀:฀4฀3฀2฀4฀-฀4฀3฀3฀2฀. 
3 7 .฀ ฀W e r฀n e r฀ ฀S ,฀ ฀H฀a฀u฀m a n n฀ ฀M฀,฀ ฀W a฀s฀s฀e฀r฀s฀c฀h฀e฀i฀d฀ ฀P฀.฀ ฀I฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀ds  i n  
c฀h฀e m฀i c฀a฀l  e n฀g฀i n e e r฀i฀n g .฀ ฀A n n฀u฀a฀l฀ ฀R฀e฀v฀i฀e฀w฀ ฀o฀f฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀a฀n฀d฀ 
฀B i฀o฀m฀o l e u l a r  ฀E฀n฀g฀i฀n฀e฀e฀r฀i n g ,฀ ฀V฀o฀l฀ ฀1฀ ฀2฀0฀1฀0฀;฀1฀:฀2฀0฀3฀-฀2฀3฀0฀. 
฀3฀8฀.฀ ฀S฀a฀l฀a฀n฀n฀e฀ ฀M฀.฀ ฀I฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀f฀o฀r฀ ฀s฀u฀p฀e฀r฀c฀a฀p฀a฀c฀i฀t฀o฀r฀ ฀a฀p฀p฀li฀c a t i฀o n s .฀ 
T o p฀i c s i฀n฀ ฀C u฀r฀r฀e฀n฀t฀ ฀C฀h฀e฀m฀i฀s t฀r฀y฀ ฀2฀0฀1฀7฀;฀3฀7฀5฀(฀3฀)฀.
฀3฀9฀.฀ ฀L฀i฀n฀ ฀H฀,฀ ฀B฀a฀i฀ ฀P฀,฀ ฀G฀u฀o฀ ฀X฀H฀.฀ ฀I฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀f฀o฀r฀ ฀S฀O2  c a p t฀u฀r฀e฀:฀ 
฀D฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀.฀ ฀A฀s฀i฀a฀n฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ 
฀2฀0฀1฀4฀;฀2฀6฀(฀9฀)฀:฀2฀5฀0฀1฀-฀2฀5฀0฀6฀. 
฀4฀0฀.฀ ฀C฀u฀i฀ ฀X฀,฀ ฀Y฀u฀ ฀F฀,฀ ฀Z฀h฀u฀ ฀H฀,฀ ฀W฀u฀ ฀K฀J฀,฀ ฀H฀e฀ ฀C฀H฀.฀ ฀P฀r฀o฀g฀r฀e฀s฀s฀ ฀o฀f฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀u฀s฀i฀n฀g฀ ฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀.฀ ฀J฀o฀u฀r฀n฀a l฀ o฀f฀ 
฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g฀ ฀o฀f฀ ฀C฀h฀i฀n฀e฀s฀e฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀i฀e฀s฀ 
฀2฀0฀1฀6฀;฀3฀0฀(฀6฀)฀:฀1฀2฀2฀9฀-฀1฀2฀4฀0฀. 
฀4฀1฀.฀ ฀T฀a฀n฀g฀ ฀F฀,฀ ฀Z฀h฀a฀n฀g฀ ฀Q฀L฀,฀ ฀R฀e฀n฀ ฀D฀D฀,฀ ฀N฀i฀e฀ ฀Z฀,฀ ฀L฀i฀u฀ ฀Q฀A฀,฀ ฀Y฀a฀o฀ ฀S฀Z฀.  F฀u฀n฀c฀t฀i o฀n a฀l  
฀a฀m฀i฀n฀o฀ ฀a฀c฀i฀d฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀a฀s฀ ฀s฀o฀l฀v฀e฀n฀t฀ ฀a฀n฀d฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀i฀n฀ c h฀i r a l฀ 
฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀.฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀y฀ ฀A฀ 
฀2฀0฀1฀0฀;฀1฀2฀1฀7฀(฀2฀8฀)฀:฀4฀6฀6฀9฀-฀4฀6฀7฀4฀. 
฀4฀2฀.฀ ฀W฀u฀ ฀H฀R฀,฀ ฀Y฀a฀o฀ ฀S฀,฀ ฀Q฀i฀a฀n฀ ฀G฀F฀,฀ ฀Y฀a฀o฀ ฀T฀,฀ ฀S฀o฀n฀g฀ ฀H฀.฀ ฀A฀ ฀r฀e฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀a฀p฀p฀r o฀a฀c฀h  
฀o฀f฀ ฀r฀a฀c฀e฀m฀i฀c฀ ฀p฀h฀e฀n฀y฀l฀a฀l฀a฀n฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀a฀q฀u฀e฀o฀u฀s฀ ฀t฀w฀o฀-฀p฀h฀a฀s฀e฀ ฀s฀y฀s฀t฀e฀m s฀ 
฀o฀f฀ ฀c฀h฀i฀r฀a฀l฀ ฀t฀r฀o฀p฀i฀n฀e฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀.฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p h y฀ A  
฀2฀0฀1฀5฀;฀1฀4฀1฀8฀:฀1฀5฀0฀-฀1฀5฀7฀. 
฀4฀3฀.฀ ฀W฀u฀ ฀D฀T฀,฀ ฀Z฀h฀o฀u฀ ฀Y฀,฀ ฀C฀a฀i฀ ฀P฀F฀,฀ ฀S฀h฀e฀n฀ ฀S฀S฀,฀ ฀P฀a฀n฀ ฀Y฀J฀.฀ ฀S฀p฀e฀c฀i฀f฀ic  ฀c o op e฀r a t i v e  
฀e฀f฀f฀e฀c฀t฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀i฀c฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀m฀i฀n฀o฀ ฀a฀c฀i฀d฀s฀ ฀u฀s i n g฀ 
฀a฀q฀u฀e฀o฀u฀s฀ ฀t฀w฀o฀-฀p฀h฀a฀s฀e฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀i฀t฀h฀ ฀t฀a฀s฀k฀-฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀i฀o฀n฀i฀c฀ ฀li฀q฀u i฀d฀s฀.฀ 
฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀y฀ ฀A฀ ฀2฀0฀1฀5฀;฀1฀3฀9฀5฀:฀6฀5฀-7 2 . 
฀4฀4฀.฀ ฀Q฀i฀n฀g฀ ฀H฀Q฀,฀ ฀J฀i฀a฀n฀g฀ ฀X฀Y฀,฀ ฀Y฀u฀ ฀J฀G฀.฀ ฀S฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀r฀y฀p฀t฀o฀p฀h a฀n฀ 
฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀b฀y฀ ฀l฀i฀g฀a฀n฀d฀-฀e฀x฀c฀h฀a฀n฀g฀e฀ ฀c฀h฀r฀o฀m฀a฀t฀o฀g฀r฀a฀p฀h฀y฀ ฀w฀i฀t฀h฀ ฀n฀ov l  
฀c฀h฀i฀r฀a฀l฀ ฀i฀o฀n฀i฀c฀ ฀l฀i฀q฀u฀i฀d฀s฀ ฀l฀i฀g฀a฀n฀d฀.฀ ฀C฀h฀i฀r฀a฀l฀i฀t฀y฀ ฀2฀0฀1฀4฀;฀2฀6฀(฀3฀)฀:฀1฀6฀0฀-฀1 6 5 . 
฀4฀5฀.฀ ฀P฀e฀l฀c฀z฀a฀r฀s฀k฀a฀ ฀A฀,฀ ฀R฀a฀m฀j฀u฀g฀e฀r฀n฀a฀t฀h฀ ฀D฀,฀ ฀R฀a฀r฀e฀y฀ ฀J฀,฀ ฀D฀o฀m฀a฀n฀s฀k฀a฀ ฀U฀.฀ 
฀P฀r฀e฀d฀i฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀o฀l฀u฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀p฀h฀a฀r฀m฀a฀c฀e฀u฀t฀i฀c฀a฀l฀s฀ i n  
฀w฀a฀t฀e฀r฀ ฀a฀n฀d฀ ฀a฀l฀c฀o฀h฀o฀l฀s฀ ฀w฀i฀t฀h฀ ฀a฀ ฀g฀r฀o฀u฀p฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀m฀e฀t฀h฀o฀d฀.฀ J o฀u฀r฀n฀a฀l฀ 
฀o฀f฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀T฀h฀e฀r฀m฀o฀d฀y฀n฀a฀m฀i฀c฀s฀ ฀2฀0฀1฀3฀;฀6฀2฀:฀1฀1฀8฀-฀1฀2฀9฀. 
฀4฀6฀.฀ ฀Z฀h฀o฀u฀ ฀D฀,฀ ฀L฀i฀u฀ ฀J฀J฀,฀ ฀T฀a฀n฀g฀ ฀K฀W฀,฀ ฀H฀u฀a฀n฀g฀ ฀K฀L฀.฀ ฀C฀h฀i฀r฀a฀l฀ ฀e฀x฀t฀r฀a฀c฀t฀i o n  o฀f฀ 
฀k฀e฀t฀o฀p฀r฀o฀f฀e฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀w฀i฀t฀h฀ ฀c฀h฀i฀r฀a฀l฀ ฀s฀e฀l฀e฀c฀t฀o฀r฀ ฀t฀a฀r฀t฀a฀r฀i฀c฀ ฀e฀s฀t฀e r฀s฀.฀ 
฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀C฀e฀n฀t฀r฀a฀l฀ ฀S฀o฀u฀t฀h฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ ฀T฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ 
฀2฀0฀0฀7฀;฀1฀4฀(฀3฀)฀:฀3฀5฀3฀-฀3฀5 6 . 
฀4฀7฀.฀ ฀S฀a฀g฀d฀i฀n฀c฀ ฀S฀,฀ ฀P฀i฀r฀ ฀H฀.฀ ฀S฀p฀e฀c฀t฀r฀o฀s฀c฀o฀p฀i฀c฀ ฀a฀n฀d฀ ฀d฀f฀t฀ ฀s฀t฀u฀d฀i฀e฀s ฀o฀f  ฀f฀l u r b i p r o f฀e฀n  
฀a฀s฀ ฀d฀i฀m฀e฀r฀ ฀a฀n฀d฀ ฀i฀t฀s฀ C u( i i฀)฀ ฀a฀n฀d  ฀H฀g฀(฀i฀i฀)฀ ฀c฀o฀m฀p฀l฀e฀x฀e฀s฀.฀ ฀S฀p฀e฀c฀t฀r฀o฀c฀h฀i฀m฀i฀c฀a฀ 
฀A฀c฀t฀a฀ ฀P฀a฀r฀t฀ ฀a฀-฀M฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀a฀n฀d฀ ฀B฀i฀o฀m฀o฀l฀e฀c฀u฀l฀a฀r฀ ฀S฀p฀e฀c฀t฀r฀o฀s฀c฀o฀p฀y฀ 
฀2฀0฀0฀9฀;฀7฀3฀(฀1฀)฀:฀1฀8฀1฀-฀1฀9 4 . 
฀4฀8฀.฀ ฀G฀e฀n฀g฀ ฀J฀Y฀,฀ ฀G฀u฀o฀ ฀Y฀M฀,฀ ฀L฀i฀ ฀B฀Z฀.฀ ฀T฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀o฀n฀ t฀h฀e฀ 
฀c฀o฀n฀f฀o฀r฀m฀e฀r฀s฀ ฀o฀f฀ ฀f฀l฀u฀r฀b฀i฀p฀r฀o฀f฀e฀n฀.฀ ฀C฀h฀e฀m฀i฀c฀a฀l฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀(฀C฀h฀i฀n฀a฀)฀ 
฀2฀0฀0฀9฀;฀2฀0฀(฀3฀)฀:฀9฀8฀-฀1฀0฀7฀. 
฀4฀9฀.฀ ฀B฀a฀e฀k฀ ฀K฀Y฀,฀ ฀F฀u฀j฀i฀m฀u฀r฀a฀ ฀Y฀,฀ ฀H฀a฀y฀a฀s฀h฀i฀ ฀M฀,฀ ฀L฀i฀n฀ ฀S฀H฀,฀ ฀K฀i฀m฀ ฀S฀K฀.฀ ฀D฀e฀n s i฀t฀y฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀t฀h฀e฀o฀r฀y฀ ฀s฀t฀u฀d฀y฀ ฀o฀f฀ ฀c฀o฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀p฀ro p e r t i฀e s  
฀o฀f฀ ฀n฀e฀u฀t฀r฀a฀l฀ ฀a฀n฀d฀ ฀r฀a฀d฀i฀c฀a฀l฀ ฀c฀a฀t฀i฀o฀n฀i฀c฀ ฀l฀-฀t฀y฀r฀o฀s฀i฀n฀e฀ ฀a฀n฀d฀ ฀l฀-฀t฀r฀y฀p฀t฀o฀p฀h฀a n .  
฀J฀o฀u฀r฀n฀a฀l฀ ฀o฀f฀ ฀P฀h฀y฀s฀i฀c฀a฀l฀ ฀C฀h฀e฀m฀i฀s฀t฀r฀y฀ ฀A฀ ฀2฀0฀1฀1฀;฀1฀1฀5฀(฀3฀4฀)฀:฀9฀6฀5฀8฀-฀9฀6฀6 8 . 
฀5฀0฀.฀ ฀Y฀a฀n฀g฀ ฀Q฀W฀,฀ ฀X฀i฀n฀g฀ ฀H฀B฀,฀ ฀S฀u฀ ฀B฀G฀,฀ ฀B฀a฀o฀ ฀Z฀B฀,฀ ฀W฀a฀n฀g฀ ฀J฀,฀ ฀Y฀a฀n฀g฀ ฀YW ,฀ ฀R฀e฀n฀ 
฀Q฀L฀.฀ ฀T฀h฀e฀ ฀e฀s฀s฀e฀n฀t฀i฀a฀l฀ ฀r฀o฀l฀e฀ ฀o฀f฀ ฀h฀y฀d฀r฀o฀g฀e฀n฀-฀b฀o฀n฀d฀i฀n฀g฀ ฀i฀n฀t฀e฀r฀a฀c฀ti฀o n i฀n t฀h e  
฀e฀x฀t฀r฀a฀c฀t฀i฀v฀e฀ ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀p฀h฀e฀n฀o฀l฀i฀c฀ ฀c฀o฀m฀p฀o฀u฀n฀d฀s฀ ฀b฀y฀ ฀i฀o฀n฀i฀c l฀i฀q฀u i฀d฀.฀ 
฀A฀i฀c฀h฀e฀ ฀J฀o฀u฀r฀n฀a฀l฀ ฀2฀0฀1฀3฀;฀5฀9฀(฀5฀)฀:฀1฀6฀5฀7฀-฀1฀6฀6฀7฀.
฀5฀1฀.฀ ฀T฀a฀n฀g฀ ฀K฀W฀,฀ ฀Z฀h฀a฀n฀g฀ ฀P฀L฀,฀ ฀P฀a฀n฀ ฀C฀Y฀,฀ ฀L฀i฀ ฀H฀J฀.฀ ฀E฀q฀u฀i฀l฀i฀b฀r฀i฀u฀m฀ ฀s฀t฀u฀d฀i฀e฀s฀ ฀o฀n฀ 
฀e฀n฀a฀n฀t฀i฀o฀s฀e฀l฀e฀c฀t฀i฀v฀e฀ ฀e฀x฀t฀r฀a฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀o฀x฀y฀b฀u฀t฀y฀n฀i฀n฀ ฀e฀n฀a฀n฀t฀i฀o฀m฀e฀r฀s฀ ฀b฀y  
฀h฀y฀d฀r฀o฀p฀h฀i฀l฀i฀c฀ ฀b฀e฀t฀a฀-฀c฀y฀c฀l฀o฀d฀e฀x฀t฀r฀i฀n฀ ฀d฀e฀r฀i฀v฀a฀t฀i฀v฀e฀s฀.฀ ฀A฀i฀c฀h฀e฀ ฀J฀ou฀r n a l  
฀2฀0฀1฀1฀;฀5฀7฀(฀1฀1฀)฀:฀3฀0฀2฀7฀-฀3฀0฀3฀6฀. 
